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It  seems  requisite  here  to  observe  that  the  present  worib^  i 
wbich  is  in  great  measure  origioal,  was  nevertheless  founded  ; 
on  the  little  volume  published  in  1818,  and  entitled  a  <  Selection  ' 
of  Facts/  &c.  Soon  after  its  publication,  I  received  a  letter 
fnNB  the  Rev.  W.  D.  Gonjbeare,  in  which  he  offered  me  several 
cooections,  and  the  contribution  of  much  original  informatiofi) 
on  the  assumption  that  a  second  edition  woald  be  called  for. 
These  offers  were  gratefully  accepted ;  and  not  very  long  after- 
wards I  received  from  him,  among  other  important  communi* 
cations,  the  detailed  view  of  the  several  CoaUformatious  of 
England  and  Wales,  forming  the  conclusion  of  the  first  part 
of  this  work.  When  the  proportion  of  his  contribution  had  so 
materially  encreased,  I  wrote  to  the  Rev.  W.  D.  Conybeare, 
requesting  him  to  become  the  Editor  of  this  work,  and  offering 
for  his  acceptance  every  thing  which  my  industry  as  a  compiler 
had  enabled  me  to  collect;  his  reply  was,  that  he  preferred 
giving  me  his  assistance,  and  the  repetition  more  than  once 
of  my  request,  produced  only  a  repetition  of  his  first  reply ; 
finally,  bis  consent  was  obtained  for  the  appearance  of  our  names 
hi  the  title  page  as  joint  Editors ;  his  assistance  however  hat 
been  gratuitous,  for  be  has  no  other  interest  in  the  work  than 
ts  having  contributed  towards  it. 

The  leader  will  readily  perceive  that  a  very  Urge  proportion 
«f  the  whole  is  by  the  pen  of  the  Rev.  W.  D.  Conybeare,  whose 
name  or  initial  is  annexed  to  his  contributions.  Not  only  have 
these  contributions  given  to  it  the  air  of  an  original  work ;  but 
the  grand  division  of  the  whole  series  of  our  Formations,  their 
tub-divisions,  and  the  accounts  of  anak^^ons  formations  in  other 
countries,  together  with  the  Synoptical  Tables  prefixed  to  each 
Book,  as  well  as  the  principal  part  of  the  PkUe  of  Sections, 
•ad  many  material  corrections  and  additions  to  the  little  Map, 
are  excluively  his. 

Feeling  therefore  how  great  has  been  the  share  of  my  coadju* 
tor,  and  how  comparatively  little  my  own  (for  mine  has  chlefiy 
been  that  of  a  compiler),  I  have  not  hesitated  thns  to  lay 
before  the  reader,  a  statement  of  the  facts  so  intimately  con- 
nected with  the  production  of  the  woriic. 

r  wish  also  to  state  the  obligations  I  feel  to  the  liberality  of 
6.  B.  Greenoogh,  Esq.  kte  President  of  the  Geologicaf  Society, 
for  the  presentation  to  me  of  a  copious  selection  of  his  Notes 
Oft  the  Geokigy  of  oisr  island,  of  which  considerable  use  has  been 
made. 


rElLIMIN4A]lf  NOTICE* 

A  small  type  and  a  thin  paper  have  been  preferred  for  the 
advantage  of  the  traveller;  fvho,  it  b  presumed^  will  not  fail  to 
find  the  volume,  an  interesfing  companion  of  fiis  travels.  Some 
copies  have  been  printed  with  the  same  types  on  a  larger  and 
more  substantial  paper* 

W.P. 

The  following  statement,  drawn  up  by  the  Rev*  W.  D. 
Conjbeare,  will  sufficiently  explain  the  principles  which  have 
influenced  the  new  arrangement  he  has  given  to  the  plan  of  tjio  . 
work,  and  the  communications  above  alluded  to. 

It  has  been  endeavoured  to  render  the  present  volume  useful 
not  only  as  an  account  of  the  physical  structure  of  England 
i  Imt  also  as  a  general  manual  of  Geology.  With  this  object  an  . 
'  Introduction  has  been  prefixed  containing  an  elementary  view 
of  the  general  principles  of  that  science^  and  a  compendious  • 
survey  of  the  various  topics  which  a  complete  system  of  it  ought 
to  embrace. 

The  principles  thus  generally  laid  down  are,  in  the  body  of 
the  work,  illustrated  in  the  detail  by  their  application  to  the 
geological  phoenomena  of  our  own  island ;  the  full  develope* 
ment  of  these  forms  the  principal  object  of  the  work,  but  to 
avoid  partial  and  incomplete  views  we  have  subjoined,  wherever 
it  was  possible,  concise  accounts  of  the  comparative  geology  of 
other  countries :  these  have  necessarily  been  brief,  but  it  is 
hoped  sufficiently  copious  to  answer  their  subsidiary  object. 
No  single  and  general  work  which  has  yet  appeared  will  indeed 
be  found  to  have  entered  so  lar^ly  upon  this  branch  of  the  . 
subject. 

Every  source  of  information  with  regard  to  the  geology  of 
England  has  been  consulted  as  far  as  the  knowledge  of  the 
editors  extended ;  but  to  mere  compilations  from  the  observa- 
tions of  others  unity  of  design  and  precision  of  statement  must 
generally  be  wanting,  without  the  advantage  of  a  personal  ex- 
amination ,of  the  diistricts  described;  to  this  advantage  the 
present  work  must  be  understood  as  advancing  a  general  claim, 
hence  a  great  part,  perhaps  the  greater  part,  of  its  materials 
are,  in  the  strictest  sense  of  the  term,  original. 

The  part  now  submitted  to  the  public  comprises  a  descrip- 
tion of  the  various  formations  as  exhibited  within  the  limits 
assigned  to  this  work,  from  the  most  recent  to  the  lowest  rocks 
associated  in  the  coal-districts. 

The  second  part  will  embrace  the  series  commonly  called 
Transition  and  Primitive,  and  thus  complete  that  branch  of  the 
subject  ccmnected  with  the  description  and  distribution  of  the 
several  formations ;  Imt  in  addition  to  these  many  other  topics 


PRELIMINARY   VOTICE. 

denrad  ■ttention  in  an  attempt  to  give  a  complete  delineation 
of  tto  geology  of  an  J  cottntir ;  the  derangements  which  those 
foraMtlons  have  experienced,  the  circvnutances  of  the  Tallies 
appneatlf  excafsted  in  their  maai,  the  accnmolations  of  gn?el 
derived  mnn  their  partial  destraction,  &c.  are  most  important 
danea  ai  geological  phoraomena  which  require  to  be  presented 
nnder  proper  heads  in  a  connected  view,  in  order  io  place  ia 
the  fvll  and  clear  light  of  their  real  evidence  the  inferences 
resnlting  from  them ;  to  the  partial  and  uncorabined  views 
which  have  been  too  generall  j  taken  of  these  phoenomena,  mack 
of  the  ooatradlctory  theories  which  have  divided  geologists 
vast  be  ascribed  ;  a  regular  induction  of  them  applied  not  to 
a  limited  district,  bnt  extending  to  the  whole  of  this  conntiy, 
naj  therefore  it  Is  hoped  contribute  in  some  measure  to  laj  a 
more  secure  and  solid  foundation :  the  manner  in  which  it  b 
proposed  to  handle  these  subjects  will  appear  from  the  Intro- 
duction. 

All  other  Incidental  matter  arising  from  the  general  subject 
will  likewise  find  its  place  in  the  second  Part.* 

The  bulk  and  expense  of  the  second  Part  will  certainlj  not 
exceed  and  probably  fall  short  of  the  present. 

It  is  impossible  to  give  a  distinct  pledge  as  to  the  period  of 
publication ;  delay  will  be  avoided  as  far  as  it  can  be  so  without 
injuring  the  character  of  the  work. 

The  present  partt  has  been  presented  to  the  public  without 
siitiBg  for  the  completion  of  the  second,  chiefly  because  it  con- 
tiins  the  history  of  those  formations  which  have  been  as  yet 
filly  exaosined  In  England  alone,  and  of  which  a  detailed 
deseripdon  was  required  to  fill  an  important  chasm  in  the 
tcience  of  Geok^y.  The  remaining  formations  (those  of  the 
commonly  called  transition  and  primitive  districts)  are  of  less 
inpoHanee  under  this  point  of  view,  since  they  are  more  ex- 
tensively exhibited  in  many  other  countries,  have  been  long 
genemlly  known  and  often  described,  and  the  precision  which 
Dr.  Mac  Cnlloch  has  recently  introduced  into  this  branch  of  the 
tobject  has  left  nothing  further  to  desire. 

The  degree  of  originality  belonging  to  the  present  w«#rk  will 
Appear  tma  the  following  statements. 

*  It  it  propotod,  at  an  Appendix  to  the  tecond  part,  to  jrive  a  dight 
iketck  of  the  pfocotiet  cfmnected  with  the  working  the  di&reot  mina. 
ud  the  metallurgical  operatiom  prosecuted  in  the  mining  districts,  tufafccCs 
which  wiQ  be  found  useful  in  a  manual  intended  as  a  companioa  for  the 
Kogliih  geological  traveller. 

^  The  imerval  between  the  publication  of  the  first  and  second  paut,  will 
>ho  be  attended  with  an  important  incidental  advantage  in  enal>ling  the 
editors  to  sol^oniy  io  the  form  of  an  appendix,  the  most  material  correct 
tioos  and  additions  which  during  that  interval  may  be  collected. 


PRSLIIflNART   NOTICE.  / 

The  history  of  (he  formations  above  the  Chalk  having  been 
already  folly  treated  io  the  memoirs  of  Messrs.  Webster  aad 
Bucklaud,  little  besides  the  task  of  compilatioa  remained  to  the 
editors  with  regard  to  the  subjects  embraced  in  the  first  book. 

With  reference  to  the  formations  comprised  in  the  second 
Book,  the  general  history  of  the  Chalk  has  long  been  known, 
but  no  attempt  to  trace  its  details  was  previously  in  existence. 
The  sands  beneath  the  chalk,  as  far  as  they  are  exhibited  on 
the  coasts  of  the  Isle  of  Wight  and  Dorsetshire,  had  been  ably 
illustrated  by  Mr.  Webster,  but  all  the  materials  connected 
with  their  distribution  in  other  parts  of  the  island  are  entirely 
new,  including  a  tolerably  full  description  of  the  Wealds  of 
Kent,  Surry,  and  Sussex. 

The  general  outlines  of  the  whole  Oolitic  series  were  (as  has 
been  fully  stated  in  the  Introduction)  first  sketched  by  Mr. 
Smith;  but,  with  the  exception  of  a  few  extremely  brief  no- 
tices inserted  by  that  gentleman  in  his  ^^  Strata  identified  by 
their  organic  remains,"  and  the  descriptions  in  the  ReV.  Mr. 
Townsend's  Vindication  of  Moses,  nothing  had  been  published 
on  the  subject ;  almost  all  the  details  in  this  part  of  the  present 
work  are  therefore  strictly  original. 

No  general  accounts  of  the  New  Red  Sandstone  and  Magne- 
sian  Limestone  formations  were  extant,  and  but  little  assistance 
iras  to  be  derived  from  the  few  and  partial  notices  which  had 
appeared.  Mr.  Winch's  account  however  of  the  small  portion 
of  this  tract  which  fell  under  his  observation,  deserves  favorable 
mention. 

Though  very  valuable  materials  were  extant  in  the  descrip« 
lions  of  the  Northumberland  and  Derbyshire  Coal-fields  by 
Messrs.  Winch,  Whitehurst,  and  Farey,  yet  a  regular  and  con- 
nected account  of  the  Coal-districts  of  this  country  remained  a 
desideratum.  The  editors  are  inclined  to  rest  the  claims  of  the 
present  work  to  public  notice  very  principally  on  the  informa- 
tion now  for  the  first  time  brought  together  on  this  most  impor- 
(jf^t  subject. 

The  articles  pointing  out  the  relations  of  the  English  forma- 
tions to  those  of  the  continent,  are  also  among  the  most  original, 
and  it  is  hoped  most  useful  portions  of  the  volume.  While  it 
was  passing  through  the  press  a  very  able  memoir  on  this  sub- 
ject by  Professor  Buckland  appeared,  which  was  shortly  fol- 
lowed by  a  series  of  essays  in  the  Annals  of  Philosophy  by  Mr. 
Weaver,  containing  an  excellent  outline  of  the  researches  of 
Friesleben,  Raumer,  &c.  in  the  north  of  Germany.  We  have 
availed  ourselves  of  both  these  sources,  but  the  general  outlines 
of  the  plan  were  previously  laid  down,  and  the  greatest  part  of 
its  details  have  never  before  been  collected  together. 


jntELlMlNAKT  NOTICE. 

A  method  as  systematic  as  the  nature  of  the  snbject  woald 
admit  has  beeo  adopted,  and  the  various  particulars  relating  to 
the  several  formations  are  disposed  under  an  uniform  series  of 
general  heads,  which  it  is  trusted  will  greatly  Cacilitate  reference. 
A  constant  order  has  also  been  pursued  in  tracing  the  local  dis- 
tribution of  each  formation,  beginning  with  its  northern  eztre«> 
mitjr  and  proceeding  regularly  to  the  southern ;  thus  we  have 
avoided  that  frequent  transition  to  distant  geographical  sites  so 
embarrassing  to  the  student. 

The  outtine  map  which  accompanies  this  work  is  chiefly 
compiled  from  Mr.  Greenough's  ;  we  have  not  however  intro- 
duced hia  division  of  the  different  varieties  of  slates  in  the  dis- 
tricts of  Cumberland,  Wales,  and  Devon,  regarding  this  point 
aa  not  sufficiently  ascertained ;  and  a  different  division  has  been 
adopted  of  a  part  of  the  formations  described  in  our  third  Book, 
we  having  included  the  limestone  shale  of  Derbyshire  under 
the  colour  of  the  mill-stone  grit,  and  considering  it  as  associated 
with  this  formation ;  whereas  Mr.  Greenongh  has  associated 
it  with  the  sufejacent  carboniferous  limestone.  This  change  of 
system  produces  an  apparent  difference  through  this  portion  of 
the  map,  where  no  real  difference  exists,  for  the  whole  question 
of  thb  division  is  one  of  convenience  only. 

The  sections  will  be  found  more  comprehensive  than  any 
hitherto  published  of  the  island,  and  the  only  ones  in  which 
the  relations  of  the  older  and  inclined  formations  to  the  recent 
aad  more  horixontal  deposits  are  exhibited  with  distinctness 
and  troth ;  we  have  purposely  avoided  pursuing  the  same  lines 
with  the  various  sections  published  by  Mr.  Smith,  except  In 
one  limited  instance,  where  a  portion  of  one  of  the  sections 
traverses  the  Weald  of  Surry  and  Sussex  in  a  line  nearly  coinci- 
dent with  an  earlier  section  of  this  observer. 

The  sections  5  and  6  are  copied  from  two  of  Mr.  Webster's. 
The  dotted  curves  in  the  former,  indicate  the  general  lines  oif 
carvature  to  which  (according  to  the  very  ingenious  view  of  that 
writer)  all  the  different  inclinations  exhibited  by  the  strata  there 
represented,  may  be  reduced. 

^^^  The  two  first  chapters  of  the  second  book,  and  a  part  of 
the  third  chapter  (altogether  extending  from  page  59  to  185) 
not  having  been  corrected  by  Mr.  Conybeare,  though  principally 
derived  from  his  M.S.  some  errors  have  crept  into  this  part  of 
the  work  ;  the  most  material  of  these  arc  pointed  out  in  the  list 
of  Errata,  and  the  reader  is  requested  to  correct  them  with  his 
pen. 


CORRIGENDA- 


FafeGD^  line  S,  fwr  Java  reaiivsn. 

25,  —  whole  of  this  reposes,  rtad  whole  of  thit«eriet  reposes 

•^-—  61 S,  —  coal  transition,  rtai  coal  and  transition 

' 66  IS,  —  The  great  majority  (perhaps  eight  tenths)  of  rtad  In  a 

great  majority  of  mstances  (perhaps  eight  tenths) 

^  10,  —  Pleacente  rtai  Picacente 

69 29,  *  bvt*  to '  foimation,*  line  32,  shoold  follow  *  bottom  of 

the  series  (C).'  line  26  of  p.  68. 
•—  74  Mr.  Miller  is  of  opinion  that  the  specimens  2,  S,  &  4,  quoted  line 
22  a  26  inclusive,  belong  to  a  single  species,  being  derived 
from  different  parts  of  the  animaL 
^— ~  75  line  6  frum  boUtm^  for  there  read  thus 

76 12,ybr  and  contracting;  according  to  the  impressing  it  re- 
ceived from  read  and  contracting  according  to  the 
impression  received;  from 
»—  22,  —  paM  direct  to  the  inter-funnel-shaped  cavity,  read  paw 
directly  to  the  internal  funnel-shaped  cavity 

— -^ —  79 14,  —  upper  bea  read  upper  beds 

17,  —  passes  that,  read  passes,  and  that 

26,  —  stratum  read  strata  « 

—  80 1 4,  —  Nodder  read  Nadder 

8  from  Uttom  for  chalk,  traced,  read  chalk  which  we  have 

already  traced 

81  20,/or  Stowe  read  Stour. 

26,  —  chalk,  placed  read  chalk,  though  placed 

107 8 /roar  bUtom^for  advancing  east,  rM^/ advancing  from  east 

— —  last  line,/or  connected  read  concealed. 
...^  109  —  2,  for  this  read  their 

■  121  — —  16, —  the  separate  re<7</ these  separate  heads 

—  1 1  from  bottom  fir  constituent  read  imbedded 

— —  125  — "-   8,/or  costata  read  costatus ;  fir  tubcrculaU  read  tuberc ulatos 
— —  10,  —  laria,  read  laevis. 
I    129  ■  17,  —  spinakMUS  read  spinulosus. 

■  18,  —  costata  rAu/ costatus ; /or  obliqqa  rcai  obliquus. 

—  4  from  bottom  fir  coocurra  read  concava. 

■  S  '  lucris  read  laevis. 

— —  190  —  13  — ^—  .—  conalus  read  coniilns* 

■  ■       132  — —  15  — — —  —  masked  read  marked 

—  143 1,  for  Rigston  hills  road  RagAtone  or  Greensand  hills 

— «  145 26  ^Itfor  repaired,  and  forcra,  rfti^  filled  up  and  thus  forced 

— —  \{ifrom  bottom  for  formations  we,  rooi  formations  which  we 

—  149 24, /^r  form  read  from 

•—  163  — —  18,  —  Newmarket,  between  the  chalk  marie  and  the  iron- 
sand  which  occurs  on  the  west  of  this  county.  Near 
Gamlingay,  read  Newmarket.  Between  tl^e  chalk 
marie  ana  the  iron  sand,  which  occurs  on  the  w&it 
of  this  county  near  Gamlingay 

■  167 21,  afier  encrinites,  &c.  add^x^  among  these  remains. 

t'i^fer  in  average  breadrli,  extending  r<a(/ol' average  breadth, 

and  extending 

■  169 ^^yfir  Moroan  read  Morvan 

—  177 16,  —  but  it  read  this  clay 

—— 20, 21, /or  formation.     The  beds,  r/a</ formation,  because 
the  beds 
_  Its  —«_.   Of  fir  Baglcy  wood,  near  Farringdon,  read  BAgicj  wood; 

and  near  Farriugdon 
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INTRODUCTION.' 


^  U  PropoMol  of  the  suiffectj  and  obaervaUom  am  the  rimphcU^ 
of  the  chemieiU  and  mineralogical  constUuiion  ofrockforma* 
iwu — §  2.  Regular  order  ofsuccesiion  in  the  mineral  manes* 
— k  3  Fheenomena  of  their  dispoeition  in  itrata. — ^  4.  Me^ 
tkodical  arrangement  qf  the  rocks  into  formations  and  gene^ 
ral  dosses. — §  5.  Occurrence  of  animal  andvegetable  remains 
imbedded  in  the  strata  and  phesnamena  of  this  distribuHon*-^ 
§  6.  Occurrence  qf  beds  derioed  from  the  debris  of  older 
rocks  among  those  more  recent.—^  7.  Considerations  on  the 
change  of  level  indicated  by  preceding  phanomenay  andin^ 
ductioe  enumeration  of  the  possible  hypotheses  on  that  sub* 
jeci. — §  8.  Phenomena  land  origin  of  tnqt  rocky  with  a  sketch 
of  the  volcanic  question^ — §  0.  Wemerian  theory  on  some  of 
the  above  points  compared  with  the  actual phcenomena. — §  10* 
Phesnomena  ofvalUesj  with  an  explanation  of  the  theory  qf 
demidaiian. — §  IL  Phmnomena  of  dduvial  gravel. — §  IS. 
Changes  still  carried  on  by  existing  causes, — §  13.  Sketch  of 
the  progress  of  Geology  and  the  physical  allusions  of  the 
inspired  wriHngs. 

Since  the  present  volume,  offering  itself  onlj  in  the  character 
of  an  elementerj  work,  may  very  probably  find  its  way  into  the 
kods  of  many  who  as  yet  possess  but  an  imperfect  and  vague 
idea  of  the  general  objects  of  the  science  to  which  it  relates^ 
MMne  introductory  notice  of  the  scope  and  design  of  the  en* 
qniries  which  It  is  here  proposed  to  prosecute,  appears  to  be 
reqaisite ;  and  in  order  to  supply  this  deficiency,  the  following 
preliminary  remarks  have  been  thrown  together.  In  thus 
ttdeavouring  to  sketch  the  general  bearings  of  the  phoenomena 
vhich  it  Is  the  business  of  every  geoloffical  treatise  to  illustrate^ 
tbe  amost  simple  and  natural  method  will  be  to  trace  those 
phcenomeiia  in  the  order  in  which  they  would  present  them* 
>tlTes  to  the  coasideration  of  an  intelligent  observer  who  should 
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study  for  himself,  with  (he  eyes  of  an  original  discoverer,  thtt 
part  of  nature ;  for  in  following  the  steps  of  such  an  obsenrer, 
the  reader  will  have  no  difficulties  arising  from  the  assumption 
of  a  preTious  acquaintance  with  the  subject  which  he  may  not 
possess,  to  surmount,  but  every  new  observation  will  arise  from 
those  which  have  preceded,  in  precisely  that  series  which  is 
best  calculated  to  convey  elementary  information. 

§  1.  Geology  being  the  knowledge  of  the  Earth's  structure  as 
far  as  it  lies  open  to  our  observation,  the  fundamental  point  on 
which  it  rests,  is,  the  ascertaining  the  order  in  which  the  mate- 
rials* constituting  the  turface  of  our  planet  (for  beyond  this  our 
observation  cannot  penetrate)  are  disposed.  The  superficial 
and  hasty  observer  might  suppose  that  these  materials  are  scat- 
tered ii^gularly  over  the  surface  and  thrown  confusedly  to- 
gether, but  a  slight  degree  of  attention  will  prove  that  such  a 
conclusion  would  be  entirely  erroneous. 

^  2.  If  we  suppose  an  intelligent  traveller  taking  his  departure 
from  our  metropolis,  to  make  from  that  point  several  successire 
joumies  to  various  parts  of  the  island,  for  instance  to  South 
Wales,  or  to  North  Wales,  or  to  Cumberland  or  to  Northum- 
berland, he  cannot  fail  to  notice  (if  he  pays  any  attention  to 
the  physical  geography  of  the  country  through  which  he  passes) 

*  A  competent  knowledge  of  Mineralogy  is  required  to  instruct  the 
geological  tuident  in  the  nature^of  those  materials  as  considered  in  them- 
ielvesy  and  of  chemistry  to  enable  him  to  understand  their  constitution 
analytically;  yet  the  number  of  mineral  masses  forming  rocks  of  usual 
occurrence  b  so  small,  and  the  composition  of  those  so  simple,  that  a  very 
limited  knowledge  of  these  sciences  is  sufficient  for  all  introductory  pur- 
poses, as  far  as  the  general  oOtlines  of  Geology  are  concerned.  Siliceous, 
argillaceous,  and  calcareous  masses  (substances  with  which  every  one  is 
familiar  under  the  common  names  of  sand,  clay,  and  limestone)  constitute 
probably  nine-tenths  of  these  materials,  and  the  compound  rocks  forming 
the  remaining  tenth  consist  principally  of  only  four  minerals,  quartx,  fel- 
spar, mica,  and  hornblende.  These  great  massses  contain,  dispersed  in 
various  manners  through  them,  and  in  comparatively  small  quantities,  all 
the  other  substances  included  in  the  mineral  kingdom ;  of  these  the  various 
ores  of  the  different  metals  are  the  most  important ;  the  geologist  must  of 
cottzse,  as  be  proceeds  in  his  enquiries,  acquire  a  competent  knowledge  of 
all  these  substances ;  but  this  knowledge  which  is  the  ultimate  object  of  the 
mere  mineralogist,  is  to  the  eeolcgist  only  a  subordinate  acquisition,  and 
forms  but  the  alphabet  by  which  he  endeavours  to  decypher  the  part  of 
aatiire  which  he  studies.  Hence  the  rarer  varieties  wnich  will,  in  the 
cttimation  of  the  mineralogist,  posses  the  highest  interest,  will,  in  the  eyes 
of  the  geologist,  attract  the  least  regard.  On  this  principle  nearly  one-half 
of  the  minml  species  may  be  safely  neglected  in  beginning  a  course  of 
seolqgy,  nor  is  a  knowledge  of  more  than  100  species  essentia]  aa  a  pre- 
Bniinary  acquisition.  The  geologist  therefore  need  not  be  alarmed  at  the 
extent  of  ihualfUuAtt  which  he  must  in  the  first  ^lace  master:  any  common 
treatise  on  mineralogy  will  prove  a  sufficient  puide  in  this,  provided  it  be 
accompanied  by  the  examination  of  a  tolerable  collection  of  specimens ; 
but  no  deicription  can  ponibly  supply  tht  want  of  actual  inspection. 
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^Aat  iMfort  he  arrifei  at  the  districts  in  which  cotl  is  found, 
h^  wiD  first  put  »  tract  of  cImj  and  sand ;  then  another  of 
chalk;  that  he  will  next  ohserte  nvmeront  quarries  of  the 
ealcaiwom  Ireeitone  eaployed  in-  architecture ;  that  he  will 
afterwards  pasa  a  broad  looe  of  red  marly  sand ;  and  beyond 
thb  will  find  himielf  b  the  midst  of  coal  mines  and  iron  far- 
naces.  This  order  he  will  find  to  be  iuTaiiably  the  same,  which- 
ever of  the  routes  abore  indicated  he  pursues;  and  if  he 
proceeds  further,  he  will  perceive  that  near  the  limits  of  the 
coal-fields  he  will  generally  obserre  hills  of  the  same  kind  of 
compact  limestone,  affording  grey  and  dark  marbles,  and 
abounding  in  mines  of  lead  and  sine ;  and  at  a  yet  greater  dis- 
tance, mountainous  tracts  in  which  roofing  slate  abounds,  and 
the  mines  are  yet  more  valuable ;  and  lastly,  he  will  often  find, 
surrounded  by  these  slaty  tracts,  central  groups  of  granitic 
rocks. 

The  intelligent  enquirer,  when  he  has  once  generallMid  these 
observations,  can  scarcely  fail  to  conclude  that  such  coinci- 
denences  cannot  be  casual;  but  that  they  indicate  a  regular 
succession  and  order  in  the  arrangement  of  the  mineral  masses 
constituting  the  Earth's  surface  ;  and  he  must  at  once  perceive 
that,  supposing  such  an  order  to  exist,  it  must  be  of  the  highest 
importsLnce  to  (economical  as  well  as  scientific  objects,  to  trace 
and  ascertain  it. 

S  3.  If  with  these  views  he  is  led  to  investigate  the  subject 
itill  further,  he  will  find  these  mineral  masses  disposed  for  the 
DMMt  part  in  stratified  beds,  not  exactly  parallel  to  the  horizon, 
bat  more  or  less  inclined  with  reference  to  that  plane ;  so  that 
the  edges  of  these  beds,  emerging  in  succession  from  beneath 
each  other,  make  iheir  appearance  one  after  tlie  other  on  the 
Urface,  thus  : 


This  emergence  is  called  the  outcrop  or  basset  of  the  strata. 
The  other  technical  terms  connected  with  this  disposition,  will 
be  found  in  the  subjoined  note.* 

It  is  obvious  that  by  this  arrangement  a  much  greater  thick- 
Bess  of  strata  is  exposed  to  our  observation  than  could  have 
been  had  their  planes  preserved  an  horizontal  direction ;  for  in 

*  The  an^e  of  inclination  between  these  planet  and  that  of  the  horixony 
Meat  led  thar  dip^  or  pitch;  the  strata  are  indifferently  said  to  dip  and 

C'  ch  from,  or  to  rise  towards  the  horizontal  plane — an  norizontal  or  deid 
t\  line  drawn  along  the  planes  of  the  strata ;  or  in  other  words  their  in- 
tmcction  with  an  horizouul  plane,  is  called  their  line  of  bearing  or  drift 
line. 

a  1 
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UitA cue oB€  single ftfatami^aold  falBiTe  eoTened  tbe  planes d 
li  mediam  eleratidn  throagfcodt  extensive  dislriiStfr  (if  not  the 
whole  globe),  end  we  conld  haire  been  acquainted  with  those 
above  it  only  by  the  structure  of  mountains  rising  above  thai 
level)  and  with  those  beneath  It  only  by  the  natural  excavationi 
of  the  vallies,  or  artificial  ones  of  wells  and  mkies ;  but  by  the 
actual  arrangement,  the  beds  which  in  one  point  lie  at  an  im- 
penetrable depth,  are  in  others  brought  up  to  the  surface^  and 
thus  become  subject  to  our  examination,  and  (which  is  much 
more  important)  jrield  us  those  various  mineral  products  which 
are  often  essential  to  the  most  necessary  of  human  arts. 
-  §  4>  When,  however,  the  observer  commences  his  attempt  to 
trace  more  in  the  detail  the  succession  of  these  mineral  beds 
and  masses,  he  will  at  first  find  himself  perplexed  by  theii 
almost  infinite  numbers ;  but  he  will  soon  discover  that  these 
individual  strata  are  arranged  together,  in  such  a  manner  as  to 
afford  natural  and  easy  grounds  for  classing  them  in  a  limited 
number  of  series,  each  series  comprehending  numerous  indi- 

.  Bedf  of  rock  are  occasionally  subject,  from  their  mechanical  structure,  to 
split  into  smaller  lamlxue  not  parallel  to  the  plane  of  stratificatioa ;  thus 


This  structure  is  called  the  deavasc  of  the  bed.  Where  only  part  of  a  bed 
is  exposed,  it  is  often  difficult  to  distinguish  the  lines  of  cleavage  from  the 
true  planes  of  stratification,  but  the  doubt  may  be  cleared  by  observing  the 
upper  and  under  surface  of  the  bed  at  the  line  of  its  junction  with  its  super- 
stratum and  substratum,  especially  if  these  be  of  a  different  substance;  for 
instance,  if  the  bed  exhibiting  the  cleavage  6  be  calcareous,  and  the  beds 
above  and  below  it  a  and  c  argillaceous ;  for  then  there  can  l>e  no  question 
but  that  these  dissimilar  beds  are  the  true  strata,  and  that  the  lines  not 
parallel  to  them  are  merely  lines  of  cleavage. 

The  law  of  stratification,  as  above  stated,  extends  to  all  the  rocks  an«l 
mineral  masses  forming  the  Earth's  surface,  excepting  perhaps  the  rocks 
of  tbe  granitic  class  (which  generally  form  the  lowest  rocks  with  which  we 
are  acquainted),  and  those  of  the  trap  family,  which  are  irregularly  inter- 
posed throughout  all  the  other  formations ;  but  these  are  points  upon  which 
It  would  be  premature  now  to  enlarge. 

Although  all  tbe  rock-masses  occur  forming  strata,  yet  many  of  the  mi« 
nerals  employed  in  the  arts*of  life  do  not  constitute  the  entire  substance  of 
such  beds,  but  are  disposed  in  lines  irregularly  traversing  them ;  such  lines 
are  called  veins,  and  nave  the  appearance  of  having  onHnally  been  open 
cracks  or  fissures  ranging  across  tne  beds,  subsequently  filled  up  by  the  mi- 
neral substances  they  contain.  Most  metals  are  found  in  veins  of  this  kind  \ 
if  the  direction  of  tne  vein  approaches  to  a  vertical  plane  it  ts  called  a  roAt 
vein,  if  to  the  horizontal  a/'/kr  or/<i/  vein ;  its  angle  of  inclination  is  called 
the  Mr  of  the  vein. 
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vidnal  ttiatiinatdrallj  tilled  tftid  Associated  together.  To 
fxplaio  this  by  ui  example ;  if  Derbyshire  be  the  country  under 
taamination,  he  will  find  a  series  of  twenty  or  more  alternationa 
of  beds  of  coal^  sandstone,  and  slaty  clay,  repeated  over  and 
over;  and  beneath  these  beds  a  like  alternation  of  limestone 
strata  with  beds  of  the  rock  called  toadstone.  Here,  then,  all 
the  individual  beds  at  once  resolve  themselves  into  two  com« 
prehensive  series — the  upper  containing  coal,  the  lower  lime- 
rtoae ;  each  series  being  characterised  by  the  repetition  of  its 
•WD  peculiar  members.  Such  series  are  called  Fokmatioiis  ; 
snd  by  the*  aid  of  these  general  relations,  the  unmanageable 
■umber  of  the  individual  strata  is  readily  reduced  within  con* 
venicnt  limits ;  and  this  division  must  appear  perfectly  natural, 
hiasmnch  as  the  beds  composing  each  formation,  being  identical 
in  character,  must  have  resulted  from  the  same  order  of  causes. 
Still  further,  by  comparing  several  of  those  formations  to* 
gether,  a  resemblance  of  relations  and  an  association  in  position 
Will  be  observed  between  many  of  these  also,  which  will  lead 
to  a  still  greater  shnplifi cation  by  the  introduction  of  a  smaller 
number  of  yet  more  comprehensive  classes. 
.  Of  these  more  comprehensive  classes,  five  will  perhaps  be 
sufficient;  the  first  or  upper  series  will  comprehend , the  beds 
of  sand  and  clay  which  repose  upon,  and  partially  cover  the 
great  and  conspicuous  formation  of  chalk.  The  second  class  is 
of  a  leas  uniform  character,  and  comprehends  many  formations 
ill  some  respects  dissimilar,  which  yet  possess  many  common 
rrlations,  and  which  the  fear  of  constituting  too  large  a  number 
of  general  classes  forbids  us  to  separate  ;  yet  four  subdivisions 
of  it  require  enumeration ;  Ist.  the  chalk  formation ;  2nd.  a 
series  of  sands  and  clays  beneath  the  chalk ;  3rd.  a  series  of 
calcareous  freestones  (such  as  the  Portland  and  Bath  stones) 
tnd  clays;  4th.  beds  of  red  marie  and  sandstone  containing 
occasionally  alabaster  and  rock  salt.  The  third  general  class 
comprises  the  beds  affording  coal,  and  the  limestones  and  sand- 
stones on  which  these  repose.  The  fifth  class  is  characterised 
by  the  prevalence  of  common  roofing  and  writing  slates.  The 
sixth,  and  lowest,  by  that  of  some  finer  varieties  of  slate  and 
granite.  These  divisions  are  the  same  with  th«»se  generally 
recognised  by  geological  writers,  excepting  that  the  third  is  by 
some  combined  with  the  second,  by  others  with  the  fourth ; 
hut  all  geological  analogies  and  relations  are  grossly  violated  by 
the  former  of  these  methods ;  and  though  the  latter  is  less  open 
to  objection,  yet  we  shall  best  consult  that  convenience  to  the 
student  which  it  is  the  great  object  of  all  such  arrangements  to 
promote,  by  assigning  to  so  important  a  series  a  distinct  place 
IB  the  general  system.  Different  writers  have  abdigncd  different 
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■ain€S  to  these  claisefi)  for  the  most  part  borrowed  from  theeir 
vetical  Tievs,  or  cooveyiag  descriptiTe  ideas  which  are  far  IK>in, 
being  uniTerwlly  applicable :  ui  order  to  avoid  these  objectioofy 
we  have  taken  the  teraos  by  which  tfiey  are  designated  in  the 
pMsent  work,  from  the  unquesttonable  lact  of  their  lelatiTe 
position.  Regarding  the  third,  or  carboDiferoos  series,  as  the 
middle  group,  we  have  assigned  the  term  snpermedial  to  the 
second  series,  as  being  next  above  it,  and  snbmedial  to  the  fourth 
as  being  next  below  it.  To  the  highest  and  lowest  series,  the 
terms  superior  and  inferior,  which  reqnire  no  commentary^ 
have  been  applied.  The  reasons  which  have  guided  us  in  the 
details  of  this  arrangement,  will  be  found  fully  stated  in  the 
Introductory  chapters  of  the  several  books,  and  it  would  at  pre- 
sent be  premature  to  enlarge  upon  them ;  a  comparative  view 
of  thtt  arrangement,  and  that  of  other  writers,  will  be  seeu  in 
the  subjoined  note.* 

.  *  The  most  eraeral  relation  under  which  the  variom  formations  present 
themselves,  is  that  whence  they  have  been  denominated  ArimiV/vr  and  /m»«#- 
My\  the  former  comprising  the  lowest  series  of  rociu,  which  serve  as 
the  fundamental  bads  upon  which  the  rest  repose,  never  containing  any 
traces  of  organised  beings  (i.  e.  animals  or  vegetables)  imbedded  in  them, 
and  being  entirely  of  a  chemical  composition :  these  therefore,  it  was  in- 
fcrredy  constituted  the  materials  of  the  £arth*s  surface  at  its  first  formation, 
while  on  the  other  hand  the  series  wliich  covered  them  were  observed  to 
contain,  often  in  great  abundance,  the  imbedded  remains  of  the  vegetable 
and  animal  kingdoms,  and  to  be  often  also  made  up  of  fragmenu  apparently 
torn  by  some  convulsion  from  the  primitive  rocks  and  cemented  again  to- 
gether under  a  new  form;  these  therefore  were  necessarily  considered  as  of 
subsequent  and  secondary  ori^pn.  This  distinction  was  nrst  perceived  by 
Lehman  (about  the  year  1 759),  and  made  the  basis  of  his  system.  In  its 
principles  it  is  philosophical  and  just,  but  does  not  carry  the  subdivision 
Bur  enougli  for  practical  purposes,  leaving  all  the  secondary  rocks  under  a 
•ngle  class.  Werner,  observing  that  between  the  primitive  rocks  and 
thrne  which  exhibited  the  characters  of  the  secondary  class  in  the  most 
itriking  manner,  a  series  of  intermediate  character  (containing  cumpara- 
tiTeiy  tew  organic  remains  and  approaching  more  nearly  to  the  chemical 
scructnre  of  the  primitive  than  the  mechanical  of  the  secondary  rocks)  in- 
tervened, introduced  the  title  transition  roch^  as  descriptive  of  tnis  interme- 
diate series ;  and  a  similar  idea  appears  to  have  occurred  perhaps  yet  earlier 
lo  Rouelle  in  France,  who  applies  to  it  the  designation  '  travaille  interme- 
diate.* As  these  so-called  transition  rocks  were  of  course  taken  from  those 
which,  strictly  speaking,  belonged  to  the  secondary  class,  the  introduction 
€if  this  class  made  it  necessary  to  abandon  that  term.  Werner  accordingly 
employed  in  its  stead,  for  the  rocks  reposing  on  his  transition  series,  the 
term  JUttz  roch^  derived  from  tlie  belief  that  they  generally  were  stratified 
in  planes  nearly  horizontal,  while  those  of  the  older  strata  were  inclined  to 
the  horizon  in  considerable  angles.  But  this  holds  good  only  with  regard 
to  tlie  structure  of  cotmtries  comparatively  low :  in  the  Jura  chain,  the 
herders  of  the  Alps  and  Pyrenees,  Werner's  flcetz  formations  arc  highly  in- 
clined :  should  we  therefore  persist  in  the  use  of  this  term,  we  must  pre- 
pQirc  ourselves  to  speak  of  vertical  beds  of  flcetz  (i.  e.  horizontal)  limestone, 
.Ice.    As  the  enquiries  of  geologist*  extended  die  knowledge  of  the  varioua 
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^  5.  Thus  far  we  lappcwe  the  obserrer  to  have  been  chief!  j  op- 
espied  hi  coniidering  the  character  of  the  rocks  as  they  are  in 
thenseWes,  and  dereloping  their  arrangement  with  a  view  to 

formtioos  Werner  or  hit  disciplct  fband  it  neccmrj  to  tabdivi^  the 
balkv  claii  ctf  flastx  rocks  into  nctts  and  newest  fkstz,  thus  completing  a 
kMxtaid  enumeration;  other  writers,  adopting  the  transition  class,  have 
▼ct  retained  the  term  secondary  as  appbed  to  the  floetz  rock*  of  Werner, 
DU  thb  oomeiiclatttre  lies  open  to  the  heavy  obfection  already  indicated, 
■unely,  thaft  the  term  secondary,  being  opposed  to  primitive  only,  ought 
10  iacliidc  all  rocks  not  of  that  cbss,  ana  of  course  the  transition  order 
aoMiiig  the  test.  These  writers  have  bestowed  the  name  tertiary  on  the 
■ewest  Aoetz  dass  of  the  Wernerians.  A  synoptical  and  comparative  view 
of  the  arrangement  proposed  in  the  present  work  and  those  of  former 
wrkers  it  subjoined. 


Character. 

Proposed  names. 

Wemerian  names. 

Other  writen. 

1.  Formations  (chiefly 

Su/kgritr  order. 

Newest  iloefs  class 

Tertiary  class. 

2.  Comprising 

1.  «ndt  9l  days 
heneatkthtckmH 

c  calcareous  free- 
stones {adiUs)^ 
ftargiUaceout 
beds. 

i.  New  rtd  smd- 

* 

Swfitrmeiimlwrdir* 

■ 
Fleets  cHiH. 

Secondary  clatt; 

S.  Carboniferous 
rocks,  comprising 
m.  Cml  memstireM, 
iw  Cmrhuufirmu 

«.  OUreismidMtome 

JIdeJtai  order  • 

« 

Sometimes  referred  to  the  preced- 
ing sometimeft  to  the  succeeding 
class  by  writers  of  these  schools; 
very  often  the  coal-measures  are 
referred  to  the  former— the  sub- 
jacent limestone  and  sandstone  to 
the  latter. 

i.M^gsiait^l2ri,l2rc. 

Sithmudtal  order. 

Transition  class 

Intermediate  cbtts 

S.Mkm*Uu. 
Gtmu. 

Imferwr  order. 

Primitive  class. 

Primitive  class. 

hi  aO  thoe  formations,  from  the  lowest  to  the  hi^;faest,  we  find  a  repeti- 
tion of  rocks  and  beds  ojf  similar  chemical  composition,  i.  e.  siliceous,  ar- 
Ipaceootp  and  calcareous,  but  with  a  considerable  difference  in  texture, 
onse  bi  the  IcMrcst  formations  being  compact  and  often  crystalline,  white 
thoie  in  the  highest  and  most  recent  are  loose  and  earthy.    These  rc|>cti- 
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ascertain  the  exact  disposition  of  the  mineral  materials  the_ 
Afford ;  hot  a  circumstance  cannot  fail  to  have  strubk  him  dorio^' 
the  course  of  his  researches  which  opens  to  his  view  a  far  mor^ 
extensive  and  interesting  field  of  enquiry  with  regard  to  thtT- 
relations  of  these  rocks  to  the  general  revolations  of  nature;  tor 
he  will  have  found  in  many  of  these  beds  spoils  of  the  vegetable 
and  animal  kingdom  iinbedded,   particularly  the  remains  of 
marine  zoophytes  and  shells,  and  often  in  such  abundance  as 
to  constitute  nearly  the  entire  mass  of  particular  strata.     IC 
he  is  led  by  the  interest  thus  excited  to  examine  more  doself 
the  phoenomena  attending  the  distribution  of  these  remains^  he 
will  find  them  as  remarkable  in  the  detail  as  they  are  striking 
in  a  general  point  of  view.     In  some  countries  he  will  perceive 
that  none  of  these  remains  occur  (for  instance  in  Cornwall  aiid 
the  Scotch  highlands),  in  others  (as  in  the  south-eastern  coun- 
ties of  Guglaiid)  not  a  well  can  be  ^unk,  or  pit  opened,  without 
presenting  them  in  abundance ;  and  pursuing  the  enquiry,  h^ 
will  arrive  at  the  conclusion  that  the  lowest  series  of  rocks,     , 
which  have  therefore  been  considered  as  primitive,  are  entireltf     | 
destitute  of  those  remains.*     That  the  next  contains  them    \ 
sparingly,  while  they  abound  in  the  three  succeeding  series, 
although  not  without  the  occasional  interposition  of  beds  in 

tiona,  form  what  the  Wernerians  call  formation  raites.  We  may  mentioa 
In,  the  limestone  suite ;  this  exhibits,  in  the  inferior  or  primitive  ordefi 
crystalline  marbles ;  in  the  two  next,  or  transition  and  carboniferous  orderSi 
compact  and  subcrystalline  limestones  (Derbyshire  limestone);  in  tbesu- 

Eedial  or  flcetz  order,  less  compact  limestone  (lias),  calcareous  freestone 
iand  and  Bath  stone),  and  chauk ;  in  the  superior  or  newest  floetz  order, 
earthy  limestones 

8d.  The  argillaceous  suite  presents  the  following  gradations ;  day-slate, 
•hale  of  the  coal-measures,  shale  of  the  lias,  clays  alternating  in  the  oolite 
aeries,  and  that  of  the  sand  beneath  the  chalk ;  and  lastly,  clays  above  the 
chalk. 

9.  The  siliceous  suite  may  (since  many  of  the  sandstones  of  which  it  coa« 
tists  present  evident  traces  of  felspar  and  abundance  of  mica,  as  well  as 
grains  of  quartz,  and  since  mica  is  more  or  less  present  in  every  bed  of  sand) 
perhaps  deserve  to  have  eranite  placed  at  its  head,  as  its  several  members 
may  possibly  have  been  derived  from  the  detritus  of  that  rock;  it  may  be 
continued  thus ;  quartz  rock  and  transition  sandstone,  old  red  sandstone, 
millstone-grit  and  coal-grits,  new  red  sandstone,  sand  and  sandstone  beneath 
the  chalk,  sand  above  the  chalk.  In  all  these  instances  a  regular  diminmioa 
iu  the  degree  of  consolidation  may  be  perceived  in  ascending  the  sericik 

*  Some  appearances  of  organic  remains  have  indeed  been  said  to  have 
been  observed  among  primitive  rocks,  but  they  may  very  possibly  have 
been  deceptive;  the  only  observation  of  this  kind  which  requires  notice  is 
ooe  of  Dr.^  Mac  Culloch  s;  that  most  accurate  geologist  describes  a  bed  of 
gryphite  limestone  as  underlying  gneiss  in  one  of  the  Hebrides ;  but  when 
Ine  extreme  contortions  of  the  strata  of  gneis«>  as  figured  by  himself;  art 
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I'hicb  tbe^  ara  itill  rare,  if  not  xltogether  wanting.  In  the 
sinniitian  of  these  inlerMtiog  remaini,  he  moit  coll  the  sc{> 
aaoS  the  zoologtBt  and  botanist  to  hU  aid,  and  thai  ha  will 
BMTer  that  a  great  part  of  the  genera,  and  a  vast  majority  of 
Ktpecies,  are  entirely  different  from  the  animals  and  plsmti 
r(t  which  we  are  at  present  acquainted,  as  roveriflg  the  face 
ttie  earth  or  occupying  its  waten.*    Hence  geology  presents 


ointo  icccBiQl,  it  will  be  obrioni  thM  in  conwqucnn  of  (he  Beiuret 
irlticb  the;  arc  often  bent  bukwudi,  ■  bed  mlljr  niperior  in  in  gvnnral 
tioa,  may  'ppc  lo  be  iafeiior  in  putiil  abterratfoni :  ibiu  la  a  «  ■  be 


mitoMed  nibKnlum  of  snein,  xni  I  t  J  t  in  incnmbenl  bed  of  gry. 
t  landtoDC  followin|[  iu  fleiurei ;  it  ii  clear  that  if  thii  bed  be  TinMe 
■t  the  point  ^  it  will  appear  to  nndcrlie  the  pieiu.  A  Mmpariion 
.  Dr.  Mac  CuUuch's  figurn  referred  lo,  will  iliew  ihaE  thoe  coutorliooi 
lot  euggerated. 

In  ipeilaiig  of  the  difference  betwMn  recent  and  fouil  ipeeiei,  it  be* 
«■  ua  to  be  cautioui  in  pronouncing  that  the  latter  do  not  at  preunt 
:  became  we  are  not  acquainled  with  them  in  >  recent  Kate,  apd  tliii 
ion  II  Mill  more  neceuary  with  regard  to  thoie  genera  which  the  "  dark 
thoni'd  caret  of  ocean"  may  poniblTConcMl  in  their  receueii  wemiut 
mber  that  we  were  long  acquainted  with  the  encrinilet,  tcrebratuiz, 
trigonuE  in  a  foMil  itale,  before  the  aaalogou*  being!  in  ■  recent  wato 
liiniMl  thdr  wi  j  to  our  collection!  {  yel  the  general  bo*  leem  too  itroas 
•  entirely  thni  accounted  for.  With  the  exception  of  thoie  contained 
tenoat  leccst  bedi  (the  crag)  only,  nine  out  of  ten  fowl  ibellabiloiw 
pccie*  decidedly  diSarent  from  any  known  to  enit.  The  bailp  erf 
Mwte*,  foi  inttaace,  contain!  more  than  two  hundred  (owil  ipcciet  ac> 
ing  to  many  author!,  and  it  doe*  not  leem  poMiblc  to  reduce  tbb  eiti- 
e  above  one  half;  jet  of  all  iheM  not  one  ii  known  recent,  and  theonly 
at  ipeciei  of  the  whole  genua  ii  a  very  minute  *hell;  yet  the  fowl 
in  lomctimei  meature  three  feel  in  diamrter.  Ii  it  probable  that  a 
I!  ID  numerous,  and  having  ipeciei  ol  >uch  large  uae,  cun  have  beeu 
-looked,  eipecialtf  at  they  are  furniihed  with  an  apparalut  whose  uie 
evidently  to  give  them  buoyancy,  like  their  allied  family  the  naulilui  t 
hat  it  it  not  likely  they  can  remain  concealed  from  inhabitin|f  deep 
irt  only.  Tht  ume  remark!  will  apply  to  the  belemnitei,  of  which  no 
nt  !pecte*  u  known.  It  would  not  be  pouible  lo  point  out  the  main 
am  of  the  eaae  in  a  more  itriking  maooer,  than  by  referring  an  ob- 
>r,  well  acquainted  with  recent  conchologyi  to  the  thetl!  contained  iir 
carbooiferout  limettone  of  DerbTihire;  he  would  at  once  recognite  the 
at  of  general  reaemblance :  the  diSerencealtn  which  wc  ihallihonly 


:e  between  the  tbelli  in  the  differei 


afTordi  a  itrong  car- 
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to  the  comparatWe  anatomist  aud  botanist,  but  particolarlj  i 
the  former,  a  rich  fund  of  new  materials,  and  adds  to  tl 
several  departments  of  natural  history  supplements,  the  knov 
ledge  of  which  is  indispensable  to  complete  our  views  of  then 
indieed,  in  many  instances,  important  peculiarities  of  organ 
sation,  and  remarkable  links  in  the  chain  of  animated  beifi: 
are  presented  in  these  fossil  remains,  and  many  chasms  whi< 
must  otherwise  have  eusted,  are  filled  up  in  a  satisfacto 
manner. 

But  the  principal  concern  of  the  geologist  is  with  the  mann 
in  which  these  remains  are  distributed  iu  the  strata  forming  tl 
present  crust  of  the  earth ;  we  have  before  noticed  that  th( 
are  confined  to  the  secondary  formations,  and  have  now  to  ac 
that  they  are  not  irregularly  dispersed  throughout  the  who 
series  of  these  formations,  but  disposed  as  it  were  in  familic 
each  formation  containing  an  association  of  species  peculiar 
many  instances  to  itself,  widely  dififering  from  those  of  oth 
formations,  and  accompanying  it  throughout  its  whole  cours< 
so  that  at  two  distinct  points  on  the  line  of  the  same  formatio 
we  are  sure  of  meeting  the  same  general  assemblage  of  fosi 
remains.  It  will  serve  to  exemplify  the  laws  which  have  be< 
stated,  if  the  observer's  attention  is  directed  to  two  of  the  mc 
prominent  formations  of  this  island ;  namely,  the  chalk,  and  tl 
limestone  which  underlies  the  coal  in  Northumberland,  Derb 
shire.  South  Wales,  and  Somerset.  Now^  if  he  examines 
collection  of  fossils  from  the  chalk  of  Flamborough  head 
from  that  of  Dover  clifis,  or,  it  may  be  added,  from  Poland 
Paris,  he  will  find  eight  or  nine  species  out  of  ten  the  sam 

robonutvt  prewmptioa  that  they  are,  af$rtiori^  different  from  those  of  I 
preicnt  ocean.  Tne  nearest  approach  to  recent  species  appears  to  exist 
some  of  the  coralline  and  madreporal  remains ;  but  these  classes  have  c 
as  y0t  undergone  an  examination  sufficiently  rigorous,  either  in  a  receat 
fossil  ttite,  to  enable  at  to  pronounce  with  certainty. 

The  remaini  of  marine  oviparous  qoadrttpeds  (Ichthyosaurus,  Plesiosaur 
Maettritht  animal,  &c.)  are  referable  to  new  genera  widely  different  fire 
any  thing  with  which  we  are  acquainted,  and  the  fossil  species  of  crocod 
are  stroimy  distinguished  from  the  recent.  These  enormous  and  singul 
animab  sometimes  almost  rivalling  the  whale  in  size)  which  must  of: 
come  to  the  surface  to  breathe,  cannot  surely  have  eluded  the  observation 
all  our  voyagers.  The  land  quadrupeds  found  in  sume  of  the  most  recc 
atrata,  and  many  of  those  even  mingled  in  the  dihivial  detritus  with  t 
bones  of  animals  still  existing  in  the  same  countries,  are  often  of  gene 
widdy  distinct  from  any  with  which  we  are  acquainted  (e.  g.  Palaotheriu 
Megatherium,  Mastodon,  &c.)  or  of  distinct  species,  as  the  fossil  bear,  rl 
noceros,  and  elephant;  and  M.  Cuvicr  has  shewn  at  large  the  little  prot 
bilitv  tiiere  is  that  any  of  them  exist  in  an  unknown  condition.  It  must 
carenin^r  remembered  that  an  accurate  and  rigorous  knowledge  of  2Sooloi 
is  re^site  in  any  one  who  ventures  to  discuss  this  subject ;  a  superfici 
acqnautance  with  it  can  only  lead  into  confusion  and  error. 
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he  win  obsenre  the  same  echinites  assoriatcd  with  the  same 
shells ;  nearly  half  these  echini tes  he  will  perceive  belong  to 
divisions  of  that  family  unknown  in  a  recent  state,  and  indeed 
in  any  other  fossil  bed  except  the  chalk.  If  he  next  proceeds 
to  inspect  parcels  of  fossils  from  the  carboniferons  limestone, 
ffom  whichever  of  the  above  localities  they  may  have  been 
brooght,  he  will  find  them  to  agree  in  the  same  manner  with 
each  other;  that  is,  he  will  find  the  same  corals,  the  same 
CDcrinites,*  the  same  products,  terebratnls,  spiriferx,  &c.; 
bnt  if  he  lastly  compares  the  collection  from  the  chalk  with 
that  from  the  mountain  lime,  he  will  not  find  one  single  in- 
itance  of  specific  agreement,  and  in  very  few  instances  any 
thing  that  would  even  deceive  an  unpractised  eye  by  the  super- 
icial  resemblance  of  such  an  agreement. 

The  difference  between  these  distant  formations,  in  this 
respect,  is  indeed  much  greater  than  that  between  those  which 
are  more  nearly  contiguous ;  but  still  even  between  these,  there 
are  generally  considerable,  though  less  striking  distinctions,  as 
to  the  species  of  organic  remains  contained. 

If  we  cast  a  rapid  view  over  the  phcenomcna  of  this  distribu- 
tion, the  subject  must  appear  to  present  some  of  the  most  sin- 
gular problems  which  can  engage  the  attention  of  the  enquirer 
into  nature  ;  first,  we  have  a  foundation  of  primitive  rocks  des- 
titute of  these  remains ;  in  the  next  succeeding  series  (that  of 
transition)  corals,  encrinites,  and  testacea,  different  however 
from  those  now  known,  appear  at  first  sparingly ;   the  fossil 
remains  of  the  carboniferous  limestone  are  nearly  of  the  same 
nature  with  those  in  the  transition  rocks,  but  more  abundant ; 
the  coal-measures,  however,  themselves,  which  repose  on  this 
limestone,  scarcely  present  a  single  shell  or  coral ;  but  on  the 
contrary  abound  with  vegetable  remains,  ferns,  flags,  reeds  of 
anknown  species,  and  large  trunks  of  succulent  plants,  strangers 
to  the  present  globe.    Upon  the  coal  rest  beds  again  containing 
marine  remains  (the  magnesian  limestone)  ;  then  a  long  inter- 
ul  (of  new  red  sandstone)  intervenes,  destitute  almost,  if  not 
entirely,  of  organic  remains,  preparing  as  it  were  the  way  for 
a  new  order  of  things.     This  order  commences  in  the  lias,  and 
is  continued  in  the  oolites,  green  and  iron  sands,  and  chalk. 
All  these  beds  contain  corals,  encrinites,  echinites,  testacea, 
Crustacea,  vertebral  fishes,  and  marine  oviparous  quadrupeds, 
yet  widely  distinguished  from  the  families  contained  in  the 
lower  beck  of  the  transition  and  carboniferous  "class,  and  par- 

*  Of  that  important  division  of  the  cncrinital  family,  Crinoidea  inartt- 
niUu  of  Miller,  which  appears  confined  to  the  older  rocks,  i.  e.  carboni- 
feniut  and  transition  limestone j  as  are  the  Crinoidea  articuUta  to  the  more 
recent  liaj»,  odite ,  chalkj  ftc 

b  3 
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tiallj  distinguished  among  themselTes  according  to  the  bed' 
ifrhich  they  occupy.  Hitherto  the  remaiiis  are  always  petri- 
fied* (i.e.  impregnated  with  the  mineral  substance  in  wliich- 
they  are  imbedded*;  but  lastly,  in  the  strata  Which  cover  the 
chadk  we  £nd  the  shells  merely  preserved,  and  in  such  a  state, 
that  when  the  clay  or  sand  in  which  they  lie  is  washed  off^ 
they  might  appear  to  berecent,  had  they  not  lost  their  colour, 
and  become  more  brittle.  Here  we  find  beds  of  marine  shelU 
alternating  with  others  peculiar  to  fresh  water;  so  that  they 
seem  to  have  been  deposited  by  reciprocating  inundations  of 
fresh  and  salt  water.  In  the  highest  of  the  regular  strata, 
the  crag,  we  at  length  find  an  identity  with  the  shells  at 

• 

*  It  would  afFord  an  intcrefttiog  subject  of  enquiry  to  trace  the  ▼arious 
changes  which  organised  substances  have  undergone  in  consequence  of  this 
inhumation.  Bones  have  generally  lost  their  phosphoric  acid  and  gelatine, 
if  in  rcjgixlar  strata,  and  have  their  spongy  texture  impregnated  with  the 
matrix  u  which  they  lie,  limestone,  clay,  and  iron  pyrites;  one  instance 
of  a  bone  penetrated  by  silex  has  occurred  to  the  author,  on  the  beach  at 
keculver.  The  calcareous  substance  of  shells,  echinites,  encrinites,  corals, 
&c.  in  its  slightest  change  seems  only  to  have  lost  its  colouring  matter  and 
gelatine;  next  they  become  impregnated  with  the  mineral  matrix  in  which 
liiey  lie,  especially  if  that  matrix  be  calcareous ;  hence  they  become  much 
nore  compact ;  often  at  the  same  time  their  original  calcareous  nutter  an* 
dergoes  a  change  of  internal  structure,  assuming  a  crystalline  form,  and  in 
tome  cases,  viz .  asterise,  encrinites,  and  echinites,  a  calcareous  soar  of  very 
peculiar  character  results,  of  an  opaque  cream  colour :  it  would  dc  desirable 
to  ascertain  the  circumstances  in  the  original  texture  of  these  three  families, 
whence  this  uniformity  in  the  spat  hose  structure  of  their  remains  arises; 
often  the  original  matter  of  the  shell  has  cntirdy  disappeared,  leaving  a 
vacant  cavity.  It  is  a  curious  question  what  menstruum  can  have  dissolved 
die  shell  when  buried  in  a  calcareous  matrix  which  must  have  been  eaually 
liable  to  be  attacked  by  any  agent  which  ccmid  have  attacked  the  ^ell,  and 
no  less  so  to  account  for  the  hollow  casts  in  solid  nodules  of  flint  or  blocks 
of  chert,  completely  environing  these  casts  on  all  sides.  In  this  case  how 
did  the  testaceous  matter  which  has  disappeared  escape  from  its  apparently 
close  prison  ?  The  space  left  by  these  hoUow  casts  has  often  been  filled  up 
by  an  infiltratioa  of  some  new  substance,  e.  g.  chalcedony  which  thus  forms 
a  model  of  the  original  shell ;  the  chalcinlony  is  generally  disposed  in  those 
concentric  riqgs  which  mark  the  stalactitic  variety:  this  is  generally 
the  state  of  the  fossils  in  the  green  sand  of  Blackdown,  which  are  cbaU 
ccdbiuc  substitutions  in  place  of  the  original  shell,  and  are  exquisitely 
bcaatiful.  A  similar  substitution  of  chalcedony  for  the  original  matter  of 
t^^  shells  imbedded  in  the  lias  of  St.  Donats,  Olamor^panshire,  is  much  less 
easily  accounted  for  as  the  matrix  itself  is  there  not  sihceous  but  caicmreoos. 
b  many  of  these  instances  some  singular  pUiy  of  affinities,  and  the  removal 
•f  the  original  substance  in  a  state  of  solution  through  the  pores  of  the  torw 
rcwfiding  rocks,  must  have  taken  place  in  the  laboratories  of  nature  in  a 
SMUMier  which  our  own  imperfect  chemistry  is  scarcely  competent  to  ex« 
plain.  It  is  much  to  be  desired  that  Dr.  Mac  CuUoch,  or  some  writer  pos* 
sessing  his  accurate  chemical  knowledge  and  precision  of  thought,  would 
lindertake  a  full  investigation  of  the  phcenomena  here  alluded  to. 
'  Some  reniftrks  on  the  changes  undergone  by  vegetable  remains  will  be 
ioiiiaid  in  the  first  chapter  of  Inc  book  on  the  carbonifieroua  strata. 
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existing  on  the  game  cout ;  and  lastly,  orer  all  these 
ndiscriminatelj,  there  is  spread  a  covering  of  gravel 
g\j  formed  by  the  action  of  a  delage  which  has  de- 
and  rounded  by  attrition  fragments  of  the  rocks  over 
;  swept)  containing  the  remains  of  numerous  land  quad- 
many  of  them  of  unknown  genera  or  species  (the  mas-, 
nd  the  fossil  species  of  elephant  or  mamroothy  bear^ 
XM)  and  elk)  mingled  with  others  equally  strangers  to 
lates  where  they  are  now  found  (hysnas,  &c.)>  yet  as-. 
with  many  at  present  occupying  the  same  countries.* 
ists  of  organic  remains  given  in  the  present  work,  may, 
ped,  promote  this  important  branch  of  geological  en-, 
which,  notwithstanding  the  rapid  advances  lately  made 
an  as  yet  only  be  considered  in  a  state  of  progressive 
ment ;  indeed,  when  it  is  remembered  that  it  requires 
resources  of  a  perfect  acquaintance  with  many  depart- 
f  Zoology,  and  those  especially  which  are  as  yet  least 
9od  (namely,  the  history  of  invcrtebral  animals),  we 
ther  reason  to  be  surprised  that  so  much  has  been 
lished,  rather  than  that  much  still  remains  to  be  done  ; 
lugh  has  been  said  to  demonstrate  that  it  is  a  subject 
:an  be  treated  with  advantaf;e  only  by  those  who  bring 
natured  and  precise  knowledges  of  the  branches  of  natu- 
»ry  with  which  it  is  connected,  a  remark  extorted  by 
puit  manner  in  which  some  writers  have  treated  con- 
general  laws  of  the  distribacion  of  organic  remains  which  hare 
TC  stated,  are  chiefly  derived  from  the  structure  of  England,  the* 
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lat  ineenious  author  can  only  consider  them  as  an  hasty  sketch* 
i  pnmiihed  a  useful  stratieraphical  arrangement  of  English  fossils, 
rdace  to  which  he  pointedly  obsenres,  that  the  various  species  of 
lb  may  be  found  with  nearly  as  much  readiness  and  certainty  in 
ral  strata,  as  in  the  drawers  of  a  well  arranged  cabinet. 
I  be  regretted  that  we  have  as  yet  no  means  of  ascertaining  whedier 
succession  of  secondary  beds  ukcs  place  in  very  distant  countries 
K  for  insunce),  and  whether  these  are  characterised  by  similar 
>f  cMTganic  remains  As  the  recent  animals  of  these  coantries  are 
iiiereot,  one  would  naturally  suppose  that  the  fossils  would  be 
also ;  yet  in  some  instances  we  have  reason  to  Mieve  that  this,  in 
;r  of  the  secondary  strata  at  least,  is  not  the  case,  for  the  most 
rly  difTuBcd  assemblage  of  organic  remains  with  which  tlie  present 
(  acquainted,  is  that  which  characteiises  the  transition  lime&tone; 
the  chain  coral,  the  alveolaria,  some  peculiar  encrinitcs,  several 
f  terebratula  and  spirifer,  the  orthocentite,  and  the  trifobite;  all 
except  the  latter,  he  has  seen  from  the  Canaidian  lakes,  many  from 
island;  an^  all,  including  the  trilubite,  from  Sweden  and  the 
r  Gothland  and  Oeeland ;  the  identity  of  rcmaius  in  the  clialk  in 
ant  points  has  been  already  noticed. 
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clasioos,   tlie  premises  of  >vhich  they  were  incompetent  to 
comprehend.* 

§  6.  Another  class  of  substances  imbedded  in  the  secondaiy 
strata,  and  throwing  light  on  the  conmlsions  amidst  which  tliej 
have  been  formed,  are  the  pebbles  or  rolled  fragments  of  rocks, 
older  than  themselves,  which  they  are  often  fonnd  to  contidn ; 
thus  the  lower  beds  of  the  supermedial  order  (namely,  the 
conglomerate  rocks  of  the  new  red  sandstone)  contain  in  great 
abundance  rolled  fragments  of  the  carboniferous  limestone  be- 
longing  to  the  class  next  below  it  (the  medial  order),  as  well 
as  of  many  still  older  rocks  ;  being  in  fact  only  a  consolidated 
mass  of  gravel,  composed  of  debris  of  these  rocks,  f 

The  necessary  inferences  from  this  fact  are,  first,  the  rock 
whence  the  fragments  were  derired  must  have  been  consolida- 
ted, and  subsequently  to  that  consolidation  have  been  exposed 
to  the  mechanical  violence  (probably  the  action  of  agitated 
waters),  which  tore  from  it  these  masses  and  rounded  them  by 
attrition,  before  the  rock  in  which  these  fragments  arc  now 
imbedded  was  formed ;  and  secondly,  since  loose  gravel  beds 
(and  such  must  haTe  been  the  original  form  of  these,  though 
now  consolidated  into  conglomerate  rocks)  cannot  be  accumu- 
lated to  any  extent  (from  the  action  of  gravity)  on  an  highly 
inclined  plane.  We  are  sore  when  we  find  such  beds,  as  we 
often  do,  in  nearly  vertical  strata,  that  this  cannot  have  been 
their  original  position,  but  Is  one  into  which  they  have  been 
forced  by  convulsions  which  have  dislocated  them  subsequently 
to  their  cousolidation. 

*  The  present  writer  regrets  that  he  is  obh'gcd  to  mention  the  hasty 
speculations  contained  in  a  GeoIogicaJ  Sonrey  of  the  Yorkshire  coast  as  in 
some  degree  liable  to  this  censure.  The  descriptive  part  of  that  work 
merits  considerable  praise  as  a  valuable  and  interesting  contribution  to  the 
geological  branch  of  local  histoiy ;  but  it  will  at  once  be  evident  to  those 
who  read  the  catalogue  of  fossil  ^ells  there  given,  that  a  knowledge  of 
conchology  is  not  the  author's  strongest  point,  and  equally  so  that  bis  ideas 
of  geology  are  formed  only  from  the  inspection  of  a  very  limited  district. 
The  imperfect  acquaintance  with  his  subject  displayed  in  his  concluding 
part  may  readily  be  accounted  for ;  its  flippancy  (see  |)articularly  page 
308)  is  less  easily  to  be  excused:  had  the  whole  of  the  third  part  of  tfis 
work  been  suppressed,  the  remainder,  like  the  books  of  the  Sibjl,  would 
have  acquireJ  a  much  higher  value. 

-f  This  example  has  been  selected  because  it  is  not  open  to  any  doubt, 
Dor  it  has  been  sometimes  said  that  the  supposed  derivative  pebbles  were 
in  fact  original  concretions  mistaken  for  such;  but  no  suspicion  of  this 
kind  can  be  brought  against  the  alleged  instance,  since  the  pebbles  of  the 
carboniferous  limestone  are  marked  by  the  characteristic  organic  remains 
of  that  rock,  and  the  angles  of  these  remains,  where  they  approach  the 
surface  of  these  pebbles,  are  broken  down  and  rounded  oflV  so  that  the 
proof  of  their  origin  is  complete*  _ 


These  consolidated  gravel  beds  are  called  congIoinerated« 
breccias^  or  pudding-stones  ;  we  find  them  among  the  transition 
Rpcksy  in  the  old  red  sandstone,  in  the  millstone-grit  and  coal- 
gritSy  in  the  lower  members  of  the  new  red  sandstone,  in  the 
smd  fltrmta  beneath  the  chalk,  and  in  the  gravel  beds  associated 
with  the  plastic  clay,  and  interposed  between  the  chalk  and 
great  London  clay. 

t  7.  From  the  occurrence  of  the  marine  remains  lately  noticed, 
occupying,  as  they  do,  rocks  spread  over  two-thirds  of  the  sur- 
face of  eyery  part  of  our  continents  wliich  have  been  explored, 
and  rising  to  the  highest  situations,  even  to  the  loftiest  summit^i 
of  the  Pyrenees  and  still  more  elevated  iK>ints  on  the  Andes, 
it  is  an  inevitable  inference  that  the  greater  part  of  those  con- 
tinents have  not  only  been  covered  by,  but  have  been  formed 
of  materials  collected  beneath  the  bosom  of  the  ocean ;  that 
we  inhabit  countries  which  we  may  truly  call  factas  ex  xquore 
terras.  The  great  and  fundamental  problem,  therefore,  of 
theoretical  geology  is  obviously  to  assii^n  adequate  causes  for 
the  change  of  level  in  this  ocean  which  has  permitted  these 
masses  which  once  formed  the  bottom  of  its  channel  to  rise  in 
hills  and  mountams  above  its  waves.  The  causes  which  it  is 
pofisible  to  imagine  are  reducible  to  two  general  classes ;  first, 
the  decrease  of  the  absolute  quantity  of  water ;  this  must  have 
resulted  from  causes  entirely  chemical,  namely,  the  decom- 
position of  some  portion  of  the  water,  its  constituents  entering 
into  new  forms  of  combination,  and  its  fixation  in  the  rocks 
formed  beneath  it ;  it  is  probable  that  these  causes  have  operated 
to  some  degree,  but  it  seems  impossible  to  ascribe  to  them  the 
very  great  difference  of  level  for  w  hich  we  have  to  account. 
The  second  class  of  possible  causes  is  entirely  mechanical ; 
those,  namely,  which  may  have  produced  a  change  of  relative 
level  without  any  diminution  of  absolute  quantity  in  the  waters* 
The  causes  of  this  kind  which  have  been  proposed,  are,  lirsf, 
the  absorption  of  the  waters  into  a  supposed  central  cavity,  but 
the  now  ascertained  density  of  the  earth  (being  greater  than 
that  which  would  result  from  an  entirely  solid  sphere  of  equal 
magnitude  of  the  most  compact  known  rock)  renders  the  ex- 
btencc  of  any  such  cavity  very  doubtful ;  secondly,  a  writer  in 
the  Journal  of  the  Royal  Institution,  vol.  2.  has  proposed  the 
rery  ingenious  hypothesis  that  a  change  of  temperature  of  a  few 
degrees  will,  from  the  unequal  expansibility  of  the  ninteriuls 
of  land  and  water  sufficiently  account  for  this  change  of  level ; 
thirdly,  it  has  been  ascribed  to  violent  convulsions  which  have 
either  heaved  up  the  present  continents,  or,  which  amounts  to 
the  same  thing  (as  the  same  relative  change  must  have  taken 
place  in  either  view),  depressed  the  present  channel  of  the 
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ocean.  It  Is  not  the  business  of  the  present  work  to  propose 
theories,  but  to  record  facts;  these  facts  are  thus  connected 
with  the  aboTe  discussion ;  if  the  violent  eleyation  of  the  conti* 
nents  (or  depression  of  the  channel  of  the  ocean)  sapposed  in 
the-  last  mentioned  hypothesis  really  took  place,  it  must  have 
left  traces  in  the  disturbed,  contorted,  and  highly  iaclihed 
position  of  the  strata,  and  these  disturbances  must  be  thst 
greatest  where  the  change  of  level  has  been  the  greatest,  i.  e. 
in  the  neighbourhood  of  the  loftiest  mountains* 

Tlie  enquirer  with  this  view  will  be  led  to  examine  what  If 
the  actual  position  of  the  strata ;  bow  far  that  position  can  be 
considered  as  having  resulted  from  original  formation,  and 
how  far  it  must  have  resulted  from  subsequent  convulsions  and 
derangement. 

When  beds  recomposed  from  the  fragments  and  detritus  of 
older  rocks  (such  as  arc  called  conglomerates  and  pudding- 
stones)  which  must  previous  to  their  consolidation  have  exist^ 
as  loose  gravel,  occur  among  vertical  or  highly  inclined  strata, 
we  may  conclude  with  absolute  certainty  that  this  inclined  po« 
sition  cannot  have  been  original,  but  must  have  resulted  from 
subsequent  disturbance;  for  it  is  obviously  physically  impos- 
sible to  support  an  aggregation  of  loose  gravel  in  vertical  or 
nearly  vertical  planes.  A  similar  argument  will  apply  where, 
among  the  inclined  strata,  thin  beds  distinguished  by  peculiar 
organic  remains,  are  interposed;  for  we  cannot  imagine  any 
combination  of  circumstances  under  which  (previously  to  the 
consolidation  of  the  matrix  containing  them)  the  detached 
joints  of  encrinites,  or  the  loose  shells  of  testacea,  or  the  scat- 
tered piunulae  of  ferns,  should  have  disposed  themselves  in  thia 
vertical  layers.  It  is  manifestly  absurd  in  these  cases  to  attri- 
bute the  vertical  direction  to  the  action  of  any  crystallising 
force,  or  any  cause  of  the  kind;  no  such  causes  could  have 
placed  a  vertical  bed  of  limestone  containing  encrinites,  in  con- 
tact with  a  vertical  bed  of  coal-shale  containing  canes  and  fem 
leaves.  Now  such  arguments  will  be  found  to  apply  strictly  to 
a  very  large  class  of  highly  inclined  strata,  and  it  will  therefore 
deserve  consideration  whether  we  can  in  any  case  (for  the 
phoenomena  are  always  similar)  ascribe  the  occurrence  of  verti- 
cal beds  to  these  supposed  causes. 

Those  remarkable  dislocations  of  the  strata  called  faults,  are 
connected  with  the  same  question  ;  these  are  breaks  or  fissures 
cutting  across  a  mass  of  strata,  accompanied  by  a  sinking  of 
depression  of  the  portion  of  that  mass  on  one  side  of  the  break, 
often  amounting  to  many  hundred  feet  These  phoenomena 
have  been  from  the  nature  of  the  workings  most  fully  explored 
Su  our  c<»al  mines. 
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It  will  be  therefore  one  object  of  the  present  woric  to  collect 
ill  the  phoenomena  of  this  nature  which  have  been  observed  in 
[Ins  country^  under  a  general  point  of  view;  they  are  partly 
TCated  of  under  the  heads  ^  inclination '  and  ^  stratification/  iii 
:lie  account  of  each  formation ;  the  combined  results  will  be 
iresented  in  a  distinct  chapter  in  the  last  book. 

^  8.  Asother  class  of  facts,  implicated  with  the  questions 
irbing  from  the  convulsions  to  which  the  great  change  of  the 
)cean*8  level  has  been  ascribed,  are  those  which  relate  to  the 
nocks  known  by  the  generic  designation  of  the  Trap  formation ; 
for  these  rocks,  being  in  the  opinion  of  a  large  class  of  geologists 
decidedly  of  volcanic  origin,  the  partisans  of  these  views  will 
midonbtedly  attribute  to  the  explosions  which  produced  them, 
the  principal  agency  in  forcing  up  the  strata,  and  heaving  from 
the  depths  of  the  waves  the  ponderous  masses  of  the  continents* 
Et  b  not  however  the  object  of  this  work  to  dwell  upon  theore- 
tical views,  further  than  to  point  out  the  manner  in  which  the 
facts  collected  from  observation  may  be  brought  to  bear  upon 
them.  The  phoenomena  of  the  English  trap  roclu  will  be 
Tally  discussed  in  treating  of  those  associated  with  the  coal- 
Tonnatioo ;  they  will  not  be  found  perhaps  very  decisive,  nor 
10  illostrative  of  the  great  points  at  issue,  as  the  appearances 
presented  by  similar  rocks  in  many  other  countries.  Without 
pronoiuicing  any  judgment  on  the  controversy,  we  may  observe 
that  the  weight  of  geological  authorities  decidedly  prepon- 
derates, at  present,  in  favour  of  the  igneous  origin  of  these 
rocks.  In  the  subjoined  note  we  have  shortly  stated  the  gene- 
ral question,  as  to  the  extent  and  manner  in  which  volcanic 
igency  may  possibly  be  supposed  to  have  operated  in  the  con- 
RilnoDS  which  appear  to  have  affected  the  Earth's  surface,  but 
we  wish  to  keep  these  conjectural  speculations  entirely  distinct 
horn  that  positive  knowledge  acquired  from  observation,  which 
IS  as  yet  the  only  certain  portion  of  geological  science.* 

*  In  rapport  of  the  hypothesis  tvhich  ascribes  an  important  part  to  vol- 
euuc  aeency  in  modif^in^f  the  surface  of  our  planet,  the  following  at  least 
piaunble  ajgoments  might  be  adduced ;  we  submit  them,  however,  without 
rcntnriog  to  determine  what  real  weight  they  possess. 

1.  It  most  first  be  kept  in  view  that  the  question  is,  to  assign  an  adequate 
mne  for  the  nndthibtea  fact  of  the  emergence  of  the  loftiest  mountains  of 
the  present  continents ;  and  that  when  so  mighty  an  effect  is  to  be  ac« 
oonnted  for,  the  mind  must  be  prepared  to  a£nit,  without  being  startled, 
nmifi  of  a  force  and  energy  greatly  exceeding  those  with  which  we  are  ac- 
quainted from  actual  observation. 

t.  The  broken  and  disturbed  state  and  inclined  position  of  the  strata 
conpoiing  those  continents,  many  of  which  must  have  been  at  the  time  of 
tbor  original  formation  horizontal,  indicate  (as  we  have  seen)  that  one,.at 
IcM,  of  the  causes  operating  to  effect  this  great  change  of  relative  level 
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§  9.  As  connected  with  the  great  problem  of  the  change  in 
relative  level  between  the  continents  and  the  ocean,  we  have  to 

between  the  land  and  waters,  was  the  elevation  of  the  former  by  mechani- 
cal force. 

3.  The  only  agent  with  which  we  are  acquaintedi  whose  operation  bears 
any  analogy  to  the  effects  aboye  specified,  is  the  volcanic  enei;gy  which 
still  occasionally  forms  new  islands  and  elevates  new  mountains. 

4.  Although  these  effects  are  indeed  now  partial  and  limited,  yet  there 
is  certain  proof  that  volcanic  agency  has  fonnerly  been  much  more  active; 
the  extinct  volcanoes  cf  the  lUiine,  Hungary,  and  Auvergne,  as  well  as 
those  which  occupy  so  large  a  portion  of  Italy,  where  one  only  now  re- 
mains in  activity,  concur  m  proving  that  we  now  experience  only  the 
expiring  efforts,  as  it  were,  of  those  gigantic  powers  which  have  once 
ravaged  the  face  of  nature. 

5.  If  to  this  certain  proof  of  the  greyer  prevalence  of  volcanic  convul- 
sions in  earlier,  but  still  comparatively  recent,  periods  of  the  history  of  our 
planet,  we  add  the  presumption  that  the  trap  rocks  (so  singularly  intruded 
among  the  regular  strata,  and  producing  where  they  traverse  those  strata 
so  precisely  the  effects  of  heat  acting  under  compression,  and  so  different 
in  all  their  photnomena  from  formations  decidedly  aqueous)  were  of  vol- 
canic origin,  we  shall  find  that  scarcely  a  country  exists  which  has  not  been 
a  prey  to  the  ravages  of  this  powerful  principle.  If  with  many  of  the 
best  geological  observers  (Dr.  Mac  Culloch,  Vou  Buch,  Necker,  &c.)  we 
incline  to  extend  the  same  conclusions  to  granitic  rocks,  a  mass  of  volcanic 
power,  clearly  adequate  to  all  the  required  effects,  is  provided. 

6.  The  question  will  undoubtedly  present  itself,  what  is  the  source  of 
volcanic  action ;  and  sufficient  proof  exists  that  this  source  is  deeply  seated 
beneath  the  lowest  rocks  with  which  our  examination  of  the  £arth*$  sur- 
face makes  us  acquainted;  for  in  Auvergne  the  lavas  have  evidently  been, 
erupted  from  beneath  the  primitive  roclu. 

7.  The  very  important  recent  discoveries  with  regard  to  the  increased 
temperature  noticed  in  descending  deep  mines,  &c.  by  Messrs.  Fourricr 
and  Fox,  will,  if  confirmed  by  further  examination,  prove  that  some  great 
source  of  heat  exists  beneatn  the  Earth's  crust.  Mr.  Fox*s  observations 
have  been  disputed  by  Mr.  Moyle,  who  considers  him  to  have  been  led  into 
error,  by  the  higher  temperature  of  the  portions  of  the  mine  where  it  liad 
been  raised  by  the  animal  heat  of  the  workmen  employed ;  but  it  is  obvious 
that  this  can  never  account  for  the  regular  gradation  of  increased  tempera- 
ture said  ta  have  been  noticed  in  every  successive  level  examined :  the  siib« 
ject,  however,  cannot  fully  be  cleared  without  reiterated  and  continued 
observations.  While  this  paragraph  was  passing  through  the  press,  Mr. 
Fox  has  returned  what  appears  to  be  a  satisfactory  answer  to  the  objections 
of  Mr.  Moyle,  in  the  Ann.  Phil,  for  May  1822. 

8.  A  degree  of  presumption  may  be  thought  to  arise  from  these  con- 
siderations, that  the  crust  of  the  Earth  re«ts  on  an  heated  nucleus,  the  true 
source  of  volcanic  ener^.  If  this  nucleus  be  in  a  fluid  ot  viscous  state,  its , 
undulations  would  readily  account  for  the  convulsions  whjch  have  affected 
that  crust  both  in  originally  dislocating  and  elevating  portions  of  its  strata, 
and  in  the  actual  phoenomena  of  earthquakes,  (of  many  of  which  phaeno- 
mena  no  other  hypothesis  appears  to  offer  a  sumcient  explanation),  while 
at  the  same  time  it  would  assign  an  adequate  reason  for  the  figure  of  the 
globe  as  a  spheroid  of  rotation. 

9.  On  this  supposition,  we  should  at  once  perceive  a  reason  why  the 
effects  of  the  volcanic  force  may  have  been  much  more  violent  in  earlier 
periods,  while  that  mass  of  deposits  which  now  covers  the  supposed  vol- 
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BoticG  an  important,  bat  too  hasty  generalisation  of  an  opposite 
srhool  of  geologists  (the  Wemerians),  which  supposes  the  basset 
edges  of  the  strata  to  occupy  levels  successively  lower  and  lower 
in  proportion  as  they  are  of  less  ancient  formation  and  recede 
from  the  primitive  chains,  forming  the  edges  of  the  basins  in 
wliich  they  have  been  deposited.  The  accompanying  diagram 
will  assist  ns  in  understanding  these  views,  and  comparing  them 
with  the  real  fact  as  it  exists  in  nature. 


Here  a  a  a  is  the  supposed  fundamental  basin  of  primitive 
rocks  once  occupied  by  the  original  ocean  ;  when  that  ocean 
had  sunk  to  the  level  of  the  dotted  line  b  b  it  deposited  the 
bed  b  b  by  which  conformed  itself  to  the  form  of  the  bottom  of 
the  basin,  and  therefore  rose  in  a  steep  angle  against  the  ridges 
forming  its  side;  when  the  ocean  hsid  further  sunk  to  c  c  it 
deposited  the  bed  c  c  c^  and  in  like  manner  at  the  level  d  dj 
formed  the  bed  dd  d;  but  as  the  new  deposits  recede  further 
from  the  steep  primitive  ridges,  they  would  continue  more  liori- 
xontal  even  to  their  very  edges. 

From  this  hypothesis  two  corrollaries  necessarily  arise ;  first, 
the  basset  edges  of  each  formation  must  every  where  be  of  the 
same  level ;  secondly,  the  basset  edges  of  the  strata,  when  traced 
horizontally  across  the  surface  of  a  country,  will  form  parallel 
xones,  in  such  a  manner  that  the  central  area  will  be  occupied 
by  the  most  recent  formation,  encircled  in  regular  order  by 
successive  zones  of  the  older  formations,  the  edge  of  each  of 
which  will  take  a  wider  and  wider  sweep. 

canic  nudeui  was  only  jn^ually  forming  oyer  it,  than  at  present ;  and  we 
shall  also  find  a  reason  for  the  bigher  temperature  which  many  of  the  re- 
fflains  both  of  the  animal  and  vcsrctahle  kingdoms,  found  in  the  strata  of 
countries,  now  too  cold  for  tlie  existence  of  Uieir  recent  analogues,  appear 
to  indicate  as  haring  formerly  prevailed. 

lO.  It  must  be  remembered  that  one  of  the  essential  conditions  of  the 
theory  above  sketched  is,  the  operation  of  volcanic  agency  beneath  the 
pressure  of  an  incumbent  ocean ;  and  that  it  does  not,  therefore,  ^^^J 
degree  auestion  the  Neptunian  origin  of  the  majority  of  the  rocks  which 
hare  evidently  been  formed  in  the  bosom  of  that  ocean.  With  regard  to 
the  trap  rocks,  and  perhaps  the  granitic,  alone,  docs  it  venture  even  to 
ioanuatc  an  opposite  mode  of  formation. 

6-2 
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Let  as  «xaimiie,  then,  how  far  the  facts  ascertained  by  ob- 
servatioa  accord  with  this  Tiew.  It  will  at  once  be  seen  on 
inspecting  the  map  and  sections  6(  this  island  appended  to  &e 
present  work,  that  there  is  an  approach  towards  the  structure 
required  by  this  theory,  but  yet  attended  with  irregularitieS| 
irhich  must  prevent  our  adopting  it  without  great  modificaticNi^ 
In  the  first  place,  we  wiU  consider  the  fayorabie  side  of  the 
question.  If  we  examine  the  mountain  ridges  and  chains  of 
hills  of  the  island,  we  shall  find  a  gradation  in  height  corres- 
ponding with  their  geological  age,  such  as  is  above  supposed ; 
for  the  Grampian  hills,  consisting  of  primitive  rocks,  are  the 
most  elevated ;  next  to  these  succeed  the  transition  chains  of 
South  Scotland,  Cumberland,  and  Wales;  the  third  class  in 
height  will  be  occupied  by  the  ranges  of  the  carboniferous 
series  ;  the  fourth,  by  the  ooHtes;  the  fifth,  by  the  chalk ;  and 
the  strata  above  the  chalk  will  be  found  to  form  hills  only  of 
inferior  elevation ;  a  glance  at  the  map  will  also  shew  that  the 
bassets  of  all  the  strata  above  the  new  red  sandstone  form 
successive  zones,  fulfilling  in  a  general  manner  (though  not 
without  irregularities)  the  conditions  of  the  hypothesis. 

But  on  the  other  hand,  if  we  compare  the  basset  edges  of  the 
9ame  strata  on  the  opposite  sides  of  the  great  European  basin 
^assuming  the  primitive  ranges  of  our  own  island  as  one  pf  its 
iboi*ders,  and  those  of  the  Alpine  chains  as  the  other),  we  3hali 
fiiAd  their  level  totally  different.  The  oolite,  for  instance, 
whose  hfghest  point  with  us  is  less  than  1200  feet,  attains  au 
height  of  more  than  4000  in  the  Jura  chain,  and  in  the  moun- 
tains of  the  Tyrol  has  been  observed  ^y  Mr.  Buckland  crown- 
ing some  of  the  loftiest  and  most  rugged  summits  of  the  Alps 
themselves.  Again,  if  we  compare  the  inclination  of  the  strata 
4t  the  edges  of  the  basin,  we  shall  find  any  thing  but  the  sup- 
posed regular  gradation  from  an  highly  elevated  to  an  horizopUl 
position ;  on  the  contrary,  we  shidl  see  the  horizontal  beds  ge- 
nerally reposing  at  once  upon  the  truncated  edges  of  those 
which  lie  at  very  considerable  angles ;  and  in  place  pf  the  ge- 
neral conformity  or  parallelism  which  ought  to  prevail  between 
the  several  formations,  we  shall  observe  in^  many  instances  apr 
pearances  of  the  greatest  irregularity  in  this  respect ;  and  these 
irregularities  will  be  fonnd  to  increase  in  approaching  those 
chains  which  are  the  most  elevated.  In  order  to  enable  the 
ireader  to  compare  the  real  structure  of  a  mineral  basin  on  the 
great  scale,  with  that  resulting  from  the  Wemerian  hypothesis^ 
we  refer  to  the  sections  of  England  which  accompany  this  work 
as  exhibiting  a  portion  of  the  western  border  of  the  principal 
basin  of  Europe,  and  subjoin  in  this  place  a  rough  sketch  of 
the  Alpine  border  of  that  basin,  taken  frofu  a  section  of  EbePst 


iimoMCTioyi* 


JBd 


lca«und«» 


Alflae  llmctiooe  partly 
the  ooUdc  •cri«i»  Sw. 


itofJCIaydaU 


Mi» 


npossible  to  eonceWe  a  more  stiikiDg  picture  of  de« 
t,  apparently  resolting  from  the  operation  of  violent 
11B9  than  is  here  presented ;  and  howevetr  we  may  doubt 
the  details  of  the  section  are  perfectly  ascertained,  It 
hie  that  soch  a  representation  could  have 'been  fofined| 
le  greatest  distoroance  actually  exist* 
rhe  appearances  exhibited  by  the  numerous  Tallies 
TOW  the  earth's  surface,  and  certain  allied  phcsnomeoa 
to  be  stated^  will  properly  form  some  of  the  con* 
b}ects  of  enquiry  to  the  geological  observer,  as  being 
1  with  the  most  recent  of  those  causes  which  have 
that  surface,  previously  to  its  passing  into  the  state  In 
t  now  behold  it,  and  becoming  subject  to  the  order  of 
Hch  still  prevails. 
rst  thing  that  will  strike  him  will  be  the  regular  conf-^ 

» impoMible  to  deny  that.  If  the  only  chmge  which  took  pUce 
formation  of  the  strau,  were  a  regonur  ana  gndual  iabtiaemfe 
I  of  the  ocean,  tlie  pl^enomena  ougat  to  be  eaactly  in  accoidanc^ 
Mnre  Wemerian  cxpoiitioo ;  but  if  we  vppoee  that,  during  their 
the  continents  were  elevated  by  mechanical  (brcet  acting  in  a 
cat  convulsions,  we  shall  perhaps  obtain  a  nearer  approximation 
mt  with  the  actual  pbcenomena,  as  deduced  from  obsenration.' 
nvnltiont  resulted  from  volcanic  agency^  we  have  before  seen 
ia  every  reason  to  believe  this  cause  to  have  acted  with  most 
I  the  earliest  periods ;  and  this  will  sufficiently  account  for  the 
rangnement  of  the  older  rocks.  In  many  instances,  as  might  be 
I,  in  countries  least  raised  above  the  level  of  the  sea,  the  snbse* 
lations  seem,  from  their  nearly  horizontal  positioo  and  regular 
r  to  each  other,  to  have  experienced  only  a  gradual  and  gentle 
he  elevating  forces,  and  here  and  here  only  we  may  expect  to 
)  find  an  accofdance  with  the  Wemerian  view ;  but  m  the  moK 
(lonntainous  couniries,  where  we  should  conclude  ^  we  sumMte 
If  to  have  been  raised  by  convulsions  of  the  nafnre  described) 
ronvnlaions  most  have  raged  with  violence  during  much  longer 
t  ahalS  accordingly  find  that  the  derangements  do  actoally  extend 
Dir  more  extensive  ranp  of  geological  Ibnnatioms  and  observe 
ely  recent  strau  exhiUtiag  the  same  pheenoowoap  of  high  incli!* 
torticHi,  and  irregularity. 
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fignration  of  these  vallies  *  in  those  circumstances  which  adapt 
them  for  the  channels  which  drain  the  countries  they  traTerse, 
and  conrey  their  waters  to  their  final  receptacle,  and  at  the  same 
time  their  principal  source,  the  ocean.  In  almost  all  of  thenif 
we  shall  see  numerous  branches  ramifying  over  extensive  tracts 
as  if  to  collect  in  the  most  efficient  manner  the  aqueous  sup- 
plies, and  at  length  inosculating  into  a  principal  trunk  opening 
into  some  aestuary ;  and  we  shall  trace  a  regular  and  continuous 
slope  from  the  extremity  of  the  branches  to  the  mouth  of  the 
trunk,  calculated  to  urge  the  descent  of  the  waters  through 
the  whole  system. 

Now  this  configuration  is  exactly  that  which  would  neces- 
sarily be  produced  by  the  action  of  waters  scooping  out  chan- 
nels for  their  passage  in  draining  themselves  off  from  the  face 
of  a  country.  We  may  daily  see  the  same  operation  repeated 
in  miniature  by  the  drainage  of  the  retiring  tide  on  muddy 
shores,  especially  in  confined  sestuaries  where  the  fall  is  con- 
siderable and  rapid. 

That  such  has  been  in  fact  the  agency  which  has  in  every 
jnstauce  greatly  modified,  and  in  many  entirely  produced,  the 
inequalities  which  now  mark  the  earth's  surface,  giving  rise  to 
ail  its  beautiful  variety  of  hill  and  valley,  phoenomena  of  the 
most  decisive  character,  constituting  a  body  of  evidence  as 
nearly  approximating  to  demonstration  as  the  nature  of  the  case 
can  admit,  leave  no  reasonable  ground  to  doubt.  Of  these  we 
shall  proceed  to  give  a  brief  exposition,  reserving  for  the  body 
of  the  work  their  fuller  consideration,  and  their  illustration  by 
a  copious  induction  of  examples  from  every  part  and  e\ery 
formation  of  the  island. 

We  must  begin,  however,  by  remarking  that  many  of  the 
theories  advanced  on  this  subject  appear  defective  in  two 
points.  First,  because,  ascribing  every  thing  in  the  formatioo 
of  vallies  to  the  agency  of  running  waters,  they  entirely  over- 
look the  effect  which  must  have  been  produced  by  the  violent 
convulsions  which  appear  in  so  many  instances  to  have  broken 
and  elevated  the  strata,  and  must  in  so  doing  have  necessarily 
formed  a  surface  diversified  by  many  and  great  inequalities ;  we 
should  therefore  perhaps  take  a  more  just  as  well  as  more  com- 

*  There  arc  some  excellent  remarks  on  this  subject  in  one  of  those  earlier 
memoirs  which  anticipated  the  rej^ular  and  full  dcvelopement  of  gcolosrical 
science,  Packe*s  Mcrmoir  for  a  Map  of  East  Kent,  published  1737:  it  is 
Heedless  to  refer  to  the  later  materials  accumulated  in  PIayfair*s  illustrations. 

-I-  The  only  exceptions  are,  first,  the  vallies  which  terminate  in  inland 
lakes  unconnected  with  the  ocean ,  ^nd  secondly,  with  regard  to  the  regii- 
lar  and  uniform  slope  of  the  districts  in  which  chains  of  lakes  abound ;  theve 
will  be  hereafter  considered. 
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nsiTC  Tiew  of  the  subject  in  combining  the  agencjof  these 
»rders  of  geological  causes.  The  Tallies  of  mountainous 
ries  (where  every  sign  of  disorder  and  disturbance  preyails 
»  strata)  owed  in  all  probability  at  least  their  first  outline 
e  disruptive  forces  which  acted  around  them ;  and  here 
dingly  we  find  that  regular  and  systematic  conformation^ 
li  has  been  already  noticed,  far  less  clearly  marked  in  the 
tore  of  the  Tallies ;  for  instead  of  the  uniformly  descending 

of  their  channels,  this  line  is  broken  1>y  deep  hollows, 
Mxptacles  of  large  lakes.  But  although  on  these  grounds 
ay  refer  the  original  formation  of  the  vallies  of  such  dis- 
,  in  part  at  least,  to  the  convulsions  alluded  to,  yet  there 
he  strongest  proofs  that  eTen  here  also  the  vallies  have 
quently  been  greatly  modified  by  the  rush  of  mighty  cur- 

of  water  through  them;  and  in  lower  countries,  where 
orizontal  and  undisturbed  position  of  the  strata  shew  that 

convulsions  cannot  very  sensibly  haVe  affected  the  figure' 
e  surface,  we  must  refer  its  present  inequalities  almost 
lively  to  the  excavating  action  of  such  currents, 
e  second  defect  which  calls  for  animadversion  in  some  of 
heories  which  in  other  respects  have  giTen  the  clearest 
I  of  the  phoenomena  under  discussion,  is,  that  while  they 
zilj  ascribe  the  excavation  of  vallies  to  the  agency  of 
lufl  currents,  they  look  to  no  other  supply  of  that  agency 
the  streams  (often  inconsiderable  rills)  which  now  How 
gh  them,  borrowing  liberally  from  time  what  they  con- 
Jly  want  in  force.  The  adTocates  of  this  view  imagine, 
in  a  long  lapse  of  ages  the  incessant  action  of  this  minute 

would  be  sufficient  to  account  for  the  mighty  effects 
ved ;  but  not  to  dwell  on  the  difficulties  which  the  truly 
fUse  periods  required,  must  present  to  any  one  who 
ines  he  has  less  than  an  eternity  of  past  time  to  calculate 
;  yet  even  conceding  that  eternity,  it  is  easy  to  shew  that 
hcenumena  attendant  on  vallies  are  very  commonly  of  such 
ore,  that  to  believe  them  to  have  been  formed  by  their 
1  rivers,  however  long  their  action  may  have  endured,  in- 
s  the  roost  direct  physical  impossibilities.  In  fact  (as  we 
presently  see)  this  hypothesis  must  be  abandoned  at  once 
\y  one  who  will  take  the  trouble  of  subjecting  it  to  a  rigo- 
application  to  the  vallies  of  any  extensive  district,  or  to 
lap  of  those  vallies  in  which  the  configuration  of  the  sur- 
is  accurately  represented;  and  it  must  principally  be 
ed  to  the  imperfection  of  all  but  the  most  recent  maps  in 
espect,  and  to  the  circumstance  that  the  eye  seldom  takes 
nigh  of  the  surface  of  a  coutrtry  to  judge  correctly  of  the 
ty  (if  we  may  so  speak)  of  its  configuratiou,  that  it  could 
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•ver  htT^  been  seriously  defended.  It  is  indeed  the  more  ex« 
traordinary  that  a  caost  so  manifestly  inadequate,  should  eter 
hare  been  embraced,  since  the  fundamental  fact  of  geokgf^ 
namely,  that  the  continents,  now  dry  land,  were  once  covered 
trith  the  ocean,  which  is  of  necessity  (howeyer  differently 
explained)  common  to  every  geological  theory,  involves  ia 
itself  the  admission  of  a  cause  fully  adequate:  for,  however 
that  ocean  may  have  been  brought  to  its  present  level,  It  could 
never  (on  any  view  of  the  matter)  have  drained  off  the  surface 
qf  the  lands  it  has  deserted,  without  experiencing  violent  cur* 
rcnts  in  its  retreat ;  and  in  those  currents  (the  existence  of 
which  no  one  can  on  any  hypothesis  dispute)  might  have  been 
found  a  force  far  more  commensurate  to  the  effiects  to  be 
accounted  for.* 

.  It  is  further  necessary,  as  a  preliminary  to  the  discussion  of 
this  subject,  to  state  a  distinction  to  which  we  shall  often  have 
occasion  to  recur,  arising  from  the  direction  of  vallies  relatively 
ip  that  of  the  chains  of  hills  among  which  they  range :  con- 
sidered under  this  relation  they  may  be  divided  into  two  classes, 
commonly  distinguished  as  longitudinal  and  transverse  valltes. 
The  longitudinal  valleys  are  those  which  pursue  a  course  parallel 
to  the  direction  of  the  chains  which  bound  them ;  the  transverse, 
those  which  cut  transversely  across  the  hill  chains.  Since  the 
direction  of  the  chains  of  hills  is  very  generally  the  same  with 
the  direction  of  their  constituent  strata,  it  is  unnecessary  to  add 
that  the  longitudinal  vallies  will  in  such  cases  be  parallel  to, 
and  the  transverse  cut  across,  the  strata  among  which  they 
range. 

.  To  proceed  to  the  phoenomena  on  which  the  proofs  of  this 
agency  of  great  aqueous  currents  in  the  formation  of  our  vallies 
depend,  we  should  begin  with  those  which  shew  that  they 
have  been  excavated  in  the  strata  subsequently  to  their  originsd 
consolidation. 


The  nature  of  these  proofs  will  be  most  clearly  explained  by 
fhe  inspection  of  the  accompanying  diagram,  which  represents 

•  •  We  do  not  at  present  enter  into  the  question  whether  the  vallies  raay 
not  have  been  modified  by  other  ciftrents  suUequent  to  the  first  retreat « 
the  ocean  from  our  continents. 
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the  sectional  pix>file  of  a  country  composed  of  stratified  rocks 
aod  traversed  by  seyeral  vallies.  One  of  these  vallies  separates 
the  hills  No.  1  &  2,  a  second  separates  2  &  3 ;  at  the  further 
base  of  the  hill  No.  3,  a  plain  succeeds,  in  the  middle  of  which 
rises  the  insulated  hill  No.  4,  crowned  by  the  same  strata  which 
appear  in  the  neighbouring  chain.  Such  insulated  hills  are 
termed  tmiliertj  and  constitute  a  phccnomenon  of  much  import- 
ance  as  connected  with  the  present  question. 

If  then  we  examine  the  structure  of  the  Tallies  as  here  repre- 
sented, we  find  precisely  the  same  series  of  strata  repeated  on 
both  their  sides,  in  exactly  the  same  order,  and  under  circum- 
ftances  which  indicate  them  to  have  been  once  continuous,  and 
to  hate  been  subsequently  removed  from  the  intervals  occupied 
by  the  vallies,  by  some  cause  which  has  here  excavated  or 
scooped  away  the  materiab  which  once  filled  those  intervals. 
The  phcenomena  are  exactly  similar,  on  the  large  scale,  to  those 
which  would  be  exhibited  in  the  small  by  a  block  of  laminated 
marble  in  which  the  tool  of  the  sculptor  had  chisselled  out  deep 
furrows ;  and  as  we  should  not  doubt  in  the  latter  instance  that 
the  lamina;  now  interrupted  by  these  furrows  had  been  once 
continuous,  and  the  interruptions  effected  by  subsequent  vio- 
lence, so  we  have  the  same  or  stronger  evidence  in  the  case 
before  us ;  for  the  strata  broken  through  by  the  vallies  are,  in 
a  majority  of  instances,  evidently  the  result  of  aqueous  deposi- 
tion ;  now  we  cannot  possibly  suppose  that  such  a  cause 
could  have  deposited  exactly  the  same  beds,  in  the  same  order, 
and  the  same  planes,  throughout  the  mass  of  the  hills,  and  yet 
have  abruptly  ceased  to  deposit  them  in  the  narrow  intervals 
now  possessed  by  the  vallies  ;  undoubtedly  then  those  intervals 
were  once  filled  by  the  same  deposits  whose  truncated  edges 
now  appear  on  their  sides ;  and  the  intervals  themselves  (i.  e. 
the  Tallies)  have  been  formed  by  the  subsequent  excavation  or 
erosion  of  the  strata  in  these  points. 

In  the  treatise  on  the  Deluge  by  Mr.  Catcot  (a  physico- 
theological  writer  of  the  last  century  belonging  to  the  Hutchin- 
sonian  school)  are  the  following  forcible  remarks  on  this  sub- 
ject. 

^^  If  a  person  were  to  see  the  broken  walls  of  a  palace  or 
castle  that  had  been  in  part  demolished,  he  would  trace  the 
lines  in  which  the  walls  had  been  carried,  and  in  thought,  fill 
ap  the  breaches,  and  reunite  the  whole.  In  the  same  manner, 
when  we  view  the  naked  ends  or  broken  edges  of  strata  on  one 
side  of  a  valley,  and  compare  them  with  their  correspondent 
ends  on  the  other,-  we  cannot  but  perceive  that  the  Intermediate 
space  was  once  filled  up,  and  th6  strata  continued  from  moun- 
tain to  mountain." 
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The  wlidle  subject  of  the  excavatioa  of  Tallies  bj  dllavial 
eurreots  is  discussed  with  great  ability  by  this  writer ;  bat  it  is 
unnecessary  to  add,  that  much  of  erroneous  obserration,  and 
more  of  unfounded  inference,  will  be  found  in  geological  spe- 
culations of  that  age  and  school. 

Tbb  passage  has  been  already  cited  by  Mr.  Greenough  in 
bis  Geologiod  Essay,  in  a  section  devoted  to  the  consideratioa 
of  the  present  subject,  which  condenses  much  valuable  infor- 
nation  on  the  several  points  connected  with  it. 

The  proof,  as  above  stated,  is  still  farther  strengthened  by 
the  occurrence  of  broken  fragments  of  the  materials  which  ooce 
filled  up  these  intervals,  scattered  over  their  surface.  Not  only 
do  we  observe  these  natural  breaches  bearing  every  mark  of 
the  violence  which  has  produced  them,  but  we  find  the  ruins 
themselves  strewn  around ;  immense  accumulations  of  debris 
torn  from  the  adjacent  rocks,  and  generally  more  or  less  roonded 
(as  if  by  attrition  against  one  another  while  rolled  along  by  the 
action  of  strong  currents),  very  generally  cover  the  bottom  of 
the  Tallies  which  traverse,  and  the  plains  which  stretch  beyond 
the  base  of  the  elevated  chains.  To  the  consideratioa  of  the 
phoenomena  presented  by  these  accumulations  we  shall  pre* 
sently  return. 

On  these  grounds,  then,  the  proof  that  the  vallies  have  been 
in  many  instances  entirely  excavated  by  the  agency  of  powerful 
aqueous  currents,  and  in  all  greatly  modified  by  the  same  cause, 
seems  as  strong  and  complete  as  the  nature  of  the  case  can  pos- 
sibly admit.* 

*  Mr.  De  LuCi  in  hit  travels  throagh  England,  endeavouring  to  meet 
these  argument*,  adduces  many  instances  of  valUes  in  which,  accordu^  to 
his  account,  the  opposite  sides  consist  of  different  strata,  as  a  contradiction 
of  the  above  theory  of  their  formation;  but  since  we  can  only  expect  to 
find  any.  given  stratum  in  the  continuation  of  its  plane,  it  by  no  meant  fal- 
lows that  all  vallies  excavated  by  water  must  necessarily  present  the  tame 
strata  on  both  sides ;  this  in  foct  is  only  a  necessary  consequence  when  the 
vallies  are  transverse,  or  cut  across  the  dilution  of  the  strata ;  bccante  in 
this  cate  the  plane  of  those  strau  will  necessarily  range  along  both  the  op- 
posite sides.  But  in  longitudinal  valliet,  ranging  parallel  to  the  direction 
of  the  strata,  especially  when  the  beds  are  very  sensibly  inch'ned  to  the 
horizon,  we  ought  not  to  expect  the  tame  strata  on  both  sides;  for  in  this 
case  the  truncated  edge  of  a  superior  bed  may  form  the  escarpment  on  one 
tide  the  valley,  and  the  opposite  slope  may  be  formed  by  the  ascending 
plane  of  the  stratum  which  emer;^  from  beneath  it ;  the  figure  illustrating 
the  nature  of  stratificatioo^  page  lii,  may  serve  to  shew  the  tectiooai  pro- 
&t  of  a  series  of  such  vallies.  M.  De  Luc*s  instances  are  either  of  this  kind 
or  founded  entirely  in  mistake  (the  fact  being  exactly  the  reverse  of  hit 
fepretentation)  as  we  shall  shew  at  length  in  the  part  or  the  work  dedicated 
to  this  tubiect.  In  a  great  majority  of  instances  (ninety-nine  oiit  of  the 
hundred  at  least)  the  strata  are  re^iarly  found  in  the  continuation  of  their 
planes,  whenever  and  however  these  planes  are  cut  by  the  vaUict.    The 
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Bat  although  ve  may  ufelj  attribute  these  effects  to  ninniiig 
vatery  yet  we  shall  find  on  ezamioation  that  the  agency  of  thci 
streams  which  at  present  flow  through  our  vallies  (to  whose  long 
continued  action  they  hare  sometimes  been  ascribed)  is  quite 
inadequate  to  afibrd  a  satisfactory  solution  of  the  phoenomena. 
The  proofs  of  this  assertion  are  not  merely  the  apparent  dis- 
proportion between  this  cause  and  the  effect  to  be  accounted 
for,  and  the  entire  absence  of  any  streams  in  many  vallies  (those 
of  the  chalky  districts  es|)eciaily),  but  we  find  a  still  more 
decisive  refutation  in  a  phcenomenon  of  common  occurrence, — 
the  intersection  of  two  series  of  vallies,  the  one  extending  lon- 
gitudinally along  the  base  of  a  chain  of  hills,  and  the  other 
cutting  transversely  across  that  chain,  under  such  circumstances 
that  no  stream  could  have  risen  to  a  sufficient  height  to  form 
the  transverse  vallies  by  excavating  a  passage  through  the  crest 
of  the  chain,  but  must  have  dischaiged  its  waters  at  a  level  far 
inferior  to  that  required  for  this  effect,  through  the  longitudinal 
valley  at  its  base.  The  details  of  this  configuration  of  surface, 
and  the  arguments  arising  from  it,  will  be  treated  with  the 
detail  they  require  in  the  body  of  the  work  under  tlie  proper 
head;  here  they  can  only  be  alluded  to;  and  it  will  thus  be 
seen  that  large  sheets  of  water  sweeping  over  the  face  of  an  ex- 
tensive tract  at  once,  can  alone  account  for  the  phoenomena. 
Almost  all  the  vallies  of  the  Weald  of  Kent,  Surrey,  and 
Sussex,  present  this  combination  of  circumstances,  as  do  many 
others  of  those  which  traverse  the  chalk  range  in  Tarious  parts 
of  the  island ;  and  a  circuit  of  a  few  miles  round  Bristol,  alone 
aflbrds  no  less  than  ten  instances  of  the  same  kind. 

The  same  agency  that  has  excavated  the  vallies,  appears  also 
to  have  swept  off  the  superior  strata  from  extensive  tracts  which 
they  once  covered ;  the  proofs  of  this  are  to  be  found  in  insu- 
lated hills,  or  outliers  of  those  strata  placed  at  considerable 
distances  from  their  continuous  range,  with  which  they  have 
every  appearance  of  having  been  once  connected ;  in  the  abrupt 
tnd  truncated  escarpments  which  form  the  usual  terminations 
of  the  strata ;  and  in  the  very  great  quantity  of  their  debris  scat- 
tered frequently  over  tracts  far  distant  from  those  where  they 
ftill  exist  in  situ.  This  stripping  off  the  superstrata  is  appro- 
priately termed  denudation. 


only  excepted  cam  are,  when  the  direction  of  the  valley  coincides  with 
that  of  a  fault,  or  dislocation  and  sulMidence  of  the  strata,  and  these  are  of 
the  Tery  rarest  occurrence  A  glance  at  Mr.  Smith's  or  Mr.  Greenough's 
map  will  at  once  shew  that  all  the  principal  transverse  vallies  throughout 
Uic  islandi  do  actually  exhibit  the  same  strata  on  both  sides. 

rf2 
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The  rarfaces  of  the  strmta  appear  to  hare  been  exposed  par- 
tially, at  least,  more  than  once  to  the  action  of  these  dennding 
causes,  and  eten  at  verj  early  epochs,  while  many  of  the  mora 
recent  beds  were  as  yet  only  in  the  process  of  being  deposited ; 
for  among  those  beds  we  find  many,  as  we  hare  already  ob« 
served,  made  up  of  water-worn  debris  which  must  have  resulted 
from  causes  of  this  kind.  Indeed  whenever,  and  in  whatever 
manner,  the  waters  first  receded  from  the  emerging  continents, 
currents  wluch  could  hardly  have  failed  to  produce  such  effects 
most  have  taken  place ;  but  the  most  important  agency  of  tiib 
kind  appears  to  have  been  exerted  at  a  more  recent  period,  and 
subsequently  to  the  consolidation  of  ail  the  strata,  by  an  inmi« 
dation  which  must  have  swept  over  them  universally,  and  covered 
the  whole  surface  with  their  debris  indiscriminately  thrown  to^ 
gether,  forming  the  last  great  geological  change  to  which  the 
surface  of  our  pluiet  appears  to  have  been  exposed. 

§  11.  To  this  general  covering  of  water^wom  debris  derived 
from  all  the  strata,  the  name  of  Diluvium  has  been  given  froA 
the  consideration  of  that  great  and  universal  catastrophe  to 
which  it  seems  most  properly  assignable.  By  this  name  it  ii 
intended  to  distinguish  it  from  the  partial  debris  occasioned  by 
causes  still  in  operation  ;  such  as  the  slight  wear  produced  1^ 
the  present  rivers,  the  more  violent  action  of  torrents,  &e.  &c| 
to  the  latter  the  name  Alluvium  has  lately  been  appropriated ; 
but  many  authors  confound  the  two  classes  of  phcenomenm  to- 
gether, describing  them  generally  as  alluvial.  The  phoenomena 
of  the  diluvial  debris,  or  gravel,  are  highly  important  and  in- 
teresting. Its  existence,  as  we  have  already  seen,  demonstrates 
the  nature  of  the  causes  which  have  modified  the  present  sur- 
face of  our  planet ;  its  quantity  may  serve  in  some  degree  as  a 
measure  of  the  force  with  which  they  have  acted ;  and  its  dis- 
tribution may  indicate  the  direction  in  which  the  currents  swept 
it  onwards.  For  instance,  when  we  find  rounded  pebbles 
derived  from  rocks  which  exist  in  situ  only  in  the  mountains 
of  the  north  and  west,  scattered  over  the  plains  of  the  midland 
counties,  we  may  be  sure  that  the  currents  drifted  from  the 
former  point  to  the  latter ;  and  it  often  affords  a  curious  and 
interesting  problem  to  the  geologist  to  trace  these  travelled 
fragments  to  their  native  masses,  often  hundreds  of  miles  distant« 
The  accumulations  of  this  gravel  above  referred  to,  in  the  mid- 
land counties,  especially  along  the  plains  at  the  foot  of  the  es- 
carpment of  the  chain  of  the  inferior  oolite  on  the  borders  of 
Gloucestershire,  Northamptonshire,  and  Warwickshire,  are  of 
surprising  extent,  and  the  materials  brought  together  are  from 
so  many  quarters,  that  it  would  not  be  difRcuIt  to  form  a  neariy 
complete  suite  of  the  geological  formations  of  England  from 
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ments  here  deposited.  Portion!  of  tbe  same  gravel 
I  swept  onwards  through  transverse  Tallies  afibrding 
across  the  chains  of  oolite  and  chalk  hills,  as  far  as 
\  surroanding  the  metropolis ;  but  the  principal  man 
ovial  gravel  in  this  latter  quarter,  b  derived  from  the 
stmction  of  the  neighbouring  chalk  hills,  consisting 
vashed  out  from  thence,  and  subsequeutlj  rounded 

eneral  investigation  of  these  and  similar  phoenomona, 
t  seem  possible  to  assign  any  single  and  uniform  di- 
I  the  currents  which  have  driven  this  debris  before 
t  they  appear  in  every  instance  to  have  flowed  (which 
lit  of  necessity  be  the  case  with  the  currents  of  sub* 
ters)  as  they  were  determined  by  the  configuration  of 
ling  country ;  from  the  mountains,  that  is,  towards  liie 
8  and  plains.  As  far  as  England  is  concerned,  this 
will  produce  a  general  tendency  to  a  direction  from 

west  towards  south  and  east,  greatly  modified  how* 
jvious  local  circumstances. 

r  circumstance  connected  with  the  dbtribution  of  these 
fragments  is,  that  we  often  find  them  in  masses  of 
)le  size,  accumulated  in  situations  now  separated  by 
sntion  of  deep  vallies  from  the  parent  hills  (if  we  may 

whence  we  know  them  to  have  been  torn.  This  ap- 
e  a  demonstrative  proof  that  these  intervening  vallies 
!  been  excavated  subsequently  to  the  transportation  of 
cks;  for  though  we  can  readily  conceive  how  the 

violent  currents  may  have  driven  these  blocks  down 
d  plane,  or,  if  the  vis  a  tergo  were  sufficient,  along  a 
Lce,  or  even  up  a  very  slight  and  gradual  acclivity,  it 
ble  to  ascribe  to  them  the  Sisyphean  labour  of  rolling 
(ses,  sometimes  of  many  tons  in  weight,  up  tlie  face  of 
d  high  escarpments.  The  attention  of  geologists  was 
:ed  to  this  phoenomenon  by  the  discoveries  of  Saussurc, 
ed  one  of  its  most  striking  cases — the  occurrence  of 
agmcnts  torn  from  the  primitive  chains  of  the  Alps, 
at  high  levels  on  the  escarpment  of  the  opposite  cal- 
td  secondary  chains  of  the  Jura,  although  between  the 
( the  deep  valley  containing  the  lake  of  Geneva  is  in. 

currence  of  colossal  blocks  of  granite  scattered  over 
of  northern  Germany,  which  may  be  traced  up  to  the 

le  excellent  obiervations  on  dilavial  grarel  appended  by  Pro« 
and  to  his  memoir  on  the  Lickcy  quartz  rock,  whence  much 
;1  of  the  midland  cuuntici  teems  to  luvc  been  derived.   (G.  1\ 
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Scandinavian  cbaios  on  the  opposite  tide  of  tbe  great  gnlf  oce«i« 
pied  by  the  Baltic,  is  a  well  known  instance  of  the  same  kind. 

It  is  trae  indeed  that  in  these  two  cases  pardal  solndoos  of  ibe 
problem  have  been  attempted,  bj  supposing  that  these  blocks 
ssa J  have  been  drifted  across  on  ice-bergs ;  jet  even  with  re- 
gard to  the  case  of  the  shores  of  the  Baltic  we  see  nothing  simi* 
lar  occurring  in  the  actual  order  of  things,  and  with  regaid  to 
that  presented  bj  the  Jura  the  hypothesis  seems  to  destroy  itself; 
for  if  the  surface  of  the  ocean  were  there  raised  to  the  level  at 
which  these  blocks  are  found  (although  under  present  drcwiH 
stances  Ice-bergs  might  exist  in  a  river  flowing  at  that  level)| 
yet  with  the  general  rise  of  the  ocean^s  surface,  the  body  of  tbe . 
atmosphere,  and  the  lines  of  temperature  would  of  Decesuty 
rise  also,  and  ice-bergs  could  not  exist  in  an  ocean  under  that 
latitude. 

But  in  truth  this  phoenomenon  is  one  of  very  common  occur- 
rence, and  is  exhibited,  though  on  a  less  striking  scale,  ctt 
almost  every  chain  of  hills  throughout  England,  under  circum- 
stances which  admit  of  no  escape  from  the  obvious  inferences 
first  stated.  The  chain  of  the  middle  oolites  in  Oxfordshire, 
for  instance,  is  extensively  covered  through  Bagley  wood  with 
debris  from  almost  every  class  of  rocks  from  the  transition 
•eries  to  chalk,  and  among  them  many  blocks  of  great  size  and 
weight  occur.  Farey's  list  of  the  insulated  hills  in  Derbyshire, 
having  gravel  scattered  over  their  surface,  aifords  many  similar 
instances.  The  downs  surrounding  Bath,  (Hampton  Down  fbr 
example),  though  abruptly  scarped  and  surrounded  by  vallief 
more  than  600  feet  deep,  have  yet  on  their  very  summits  flints 
transported  from  the  distant  chalk  hills ;  but  it  is  unnecessaiy 
io  multiply  examples  farther.  The  simplest  explanation  of  the 
fact  will  be,  that  these  fragments  were  transported  by  the  first 
action  of  the  currents,  before  they  had  effected  the  excavation 
of  the  vallies  now  cutting  off  all  communication  with  the  native 
rocks  whence  they  were  derived.  In  some  instances  also  it 
may  appear  that  these  transported  masses  have  not  accom- 
plished their  whole  journey  at  once,  but  may  have  been 
detached  by  some  of  those  earlier  convulsions  to  which  the 
conglomerate  beds,  associated  with  so  many  of  the  formations, 
roust  be  ascribed ;  and  having  reposed  in  these  strata  for  a 
time,  have  been  washed  out  afresh  and  moved  forwards  to  a 
new  destination. 

The  organic  remains  of  land  animals  dispersed  through  thU 
diluvial  gravel  have  been  already  mentioned  :  they  most  with 
the  highest  probability  be  referred  to  the  races  extinguished 
by  the  great  convulsion  which  formed  that  gravel ;  many  of 
them  are  of  species  still  inhabiting  the  countries  where  they 
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■i  dmi  Cnud ;  101116  of  ilm  tpedct  now  only  bhaUtiiig  other 
■Miitiiij  and  tome  few  of  ipeciet  aad  genera  now  entiielj  no- 


To  ike  HUBo  period  we  wmj  ucribe  tlie  bonei  ^  the  mmo 
fMdlBi  wM  me  abave^  found  in  manj  cn?enis ;  bnt  in  manjr  of 
kkoee  inrtnncei  it  !•  probable  that  tope  of  the  animals  now 
iMnd  there,  preiriouily  inhabited  them  ai  their  dent.  Profetaor 
BndJand  appears  ntbbctoriijr  to  hate  prated  that  thii  mut 
lave  been  the  eaie  in  the  lenariuble  iartance  of  the  cavern 
Mdj  diioovered  near  Kirbj  Moor  Side,-Torfcthire.  Here  the 
Meiains  iband  In  the  greatest  abnndance  are  those  of  hjsenas  ; 
wMh  these  are  mingled  fragments  of  Tsrions  animab,  from  the 
loth  to  the  water  lat,  all  the  bones  present  e^ent 
ol  having  been  mangled  and  gnawed,  and  the  whole  are 
I  in  a  sediment  of  mnd  sabseqoently  incmsted  ofer  by 
rtalaclitical  depositions.  Mr.  Bnckland's  explanatioa  is,  that 
this  cmem  was  occupied  by  the  hysenas ;  who,  according  to 
the  known  habits  of  those  enimels,  partially  deronred  even 
Um  lioBei  of  their  prey,  and  dragged  them  for  that  purpose  to 
tlieirdent:araind  tlieir  retreats  a  similar  congeries  iSfmanaled 
hones  has  been  noticed  by  recent  travellers.  The  proon  off 
these  pmnts,  deduced  from  the  drcnmstances  of  the  cavern, 
te  state  of  the  bones,  and  the  ascertained  habits  of  the  aai- 
hJs  in  i|«estion,  appear  to  be  dedsive ;  the  sediment  in  which 
fha  boBes  are  imbiedded,  and  die  occurrence  of  the  remain^ 
ef  tte  mammoth,  end  other  species  only  known  (in  these 
rWmstfs  at  least)  in  a  fossil  state  in  the  diluvial  gravel,  clearly 
leflBr  tlMir  remains  to  the  same  ssca. 

Oavems  containing  bones  of  a  similar  cUss  (the  mammoth, 
dm  fossil  species  of  rhinoceros,  ftc.)  have  been  found  near 
Swansea,  at  Button  hill  (on  the  Mendip  chain  in  Somersetshire), 
and  near  Plymouth. 

i  IS*  We  have  finally  to  ezamuie  the  local  changes  wWch 
kare  taken  pkce  sabseqnently  to  this  hut  great  and  general 
ceavnlsion,  and  which  still  continue  to  take  phue  under  the 
falaence  of  the  order  of  causes  at  present  in  actual  operation* 
la  these  we  may  often  observe  a  balanced  and  compensated 
tAct  of  destruction  and  renovation ;  for  instance,  in  the  most 
pewcnfol  of  these  causes — the  agency  of  the  sea  upon  the 
esasbs— we  ^'  ^^  headlands  and  projecting  promontories 
undermined  and  washed  away  by  the  waves,  towards  which 
their  sections  presoit  in  consequence,  scars  of  mural  clifis :  but 
^  matnrials  thus  absofiied  are  usually  thrown  np  again  and 
coaititute  eztensire  tracts  of  newly  formed  marsh-land  slong 
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the  less  exposed  points  of  the  coast ;  in  part  also  forming  new 
banks  and  shoals  in  the  adjoining  channel  of  the  sea.  The 
agency  of  rivers  is  of  a  similar  description ;  these,  when  their 
higher  branches  assume  the  force  of  wintrj  torrents,  carry  away 
iometimes  in  considerable  quantity  the  looser  materials  of  the 
foil  through  which  they  rush,  but  they  deposit  these  materials 
a^in  in  the  formation  of  alluvial  flats  and  deltas  near  their, 
mouths.  The  action  of  atmospheric  causes,  the  frost  by  rifting 
and  detaching  portions  of  the  outer  surface  of  rocks,  and  the 
rain  by  washing  the  finer  parts  away,  either  contribute  to  the 
agency  of  the  torrents,  or  accumulate  the  fragments  detached 
in  a  slope  or  talus  of  debris,  at  the  foot  of  the  hills  whence 
they  are  derived.  * 

These  actions,  however,  appear  to  be  circumscribed  within 
very  narrow  limits;  over  a  great  part  of  the  earth's  surface 
the  influence  of  these  wasting  causes  is  absolutely  null,  the 
mantle  of  green-sward  that  invests  it  being  an  eflectual  pro- 
tection. The  barrows  of  the  aboriginal  Britons,  after  a  lapse 
of  certainly  little  less,  and  in  many  instances  probably  more, 
than  two  decads  of  centufics,  retain  very  generally  all  the 
pristine  sharpness  of  their  outline ;  nor  is  the  slight  fosse  tliat 
sometimes  surrounds  them  in  any  degree  filled  up.  Causes, 
then,  which  in  two  thousand  years  have  not  aflected  in  any 
perceptible  manner  these  small  tumuli,  so  often  scattered  in 
very  exposed  situations  over  the  crests  of  our  hills,  can  have 
exerted  no  very  great  influence  on  the  mass  of  those  hills  them- 
selves in  any  assignable  portion  of  time,  which  even  the  imagi- 
nation of  a  theorist  can  allow  itself  to  conceife ;  and  where 
circumstances  are  favorable  to  a  greater  degree  of  waste,  still 
there  is  often  a  tendency  to  approach  a  maximum  at  which 

*  The  results  of  these  causes,  that  is  to  say  the  alluvial  deltas  formed  at 
the  mouth  of  rivers,  and  the  talus  of  debris  accumulated  at  the  foot  of 
precipices,  may,  from  observations  of  their  known  increase  within  certain 
periods,  be  submitted  to  a  species  of  retrograde  calculation,  by  which  we 
may  reason  ai  to  the  length  of  the  total  period  durinj^  which  these  causes 
have  operated  under  tmnr  present  conditions;  or  (in  other  wends)  the 
period  which  has  elap«ed  since  the  last  great  convulsion  which  has  given 
to  our  continents  their  present  general  form.  For  instance,  the  alluvial 
tract  at  the  mouth  of  the  Po  has  been  ascertained  by  observation  to  have 
a  regular  rate  of  increase  in  a  century,  'and  the  line  where  this  tract  be- 

S'ns,  a^inst  what  must  have  been  the  original  coast,  is  capable  of  being 
termmed :  these  data  afford,  it  is  obvious,  sufficient  grounds  for  calcu- 
lating the  length  of  time  requisite  to  produce  the  whole  of  this  alluvial 
tract,  and  it  is  satisfactory  to  observe  that  the  period  thus  deduced,  agrees 
with  that  assignable  to  the  deluge  recorded  by  the  inspired  historian. 
These  and  similar  phoenomena  have  been  desi^ated  by  De  Luc  as  geo- 
logical chronometers.  M.  Cuvier  ha*  a  very  mteresting  chapter  on  this 
subject. 
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further  waste  will  be  checked  ;  the  abrapt  cliflT  will  at  last  be- 
coaie  m  slope,  and  that  slope  become  defended  by  its  grassy 
cofti  cf  proof.  It  should  appear  that  even  the  action  of  the  sea, 
certaialy  the  most  powerful  and  important  of  all  those  we  have 
surveyed,  has  a  similar  tendency  to  impose  a  limit  to  its  own 
ravages.  It  has  obviously  in  many  instances  formed  an  effectual 
banier  against  itself,  by  throwing  up  shingle  banks  and  marsh 
lands  in  the  face  of  cliffs  against  which  it  once  beat ;  and  after 
the  del tmction  has  been  carried  to  a  certain  point,  it  appears 
necessary  from  tbe  mode  of  action  (excepting  where  very  pow- 
erful cunents  interfere)  that  the  very  materials  resulting  from 
tbe  niia  should  check  its  farther  encrease :  even  where  these 
currentt  exist,  these  also  have  a  tendency  to  throw  up  barriers 
of  shingle  in  their  eddy.  Historical  records,  and  the  very 
nature  and  physical  possibilities  of  the  case,  alike  compel  us 
to  dissent  entirely  from  those  crude  and  hasty  speculations 
which  woold  assign  to  the  causes  now  in  action,  the  power  of 
producing  any  very  material  change  in  the  face  of  things ;  and 
which  would  refer  to  these  alone,  acting  under  their  present 
conditicms,  and  with  only  their  present  forces,  the  mighty 
openidont  which  have  formed  and  modified  our  continents. 

It  is  a  curious  object  of  enquiry  arising  from  this  subject, 
whether  the  materials  thus  carried  into  the  sea  have  produced 
any  effect  on  its  level.  The  materials  derived  from  .the  de- 
stractioB  of  lofty  cliffs  by  tbe  waves,  having  been  deposited  in 
the  formation  of  low  marshes,  must  of  course  occupy  a  greater 
wufkee  in  the  latter  than  in  the  former  condition ;  and  if  they 
have  formed  banks  in  the  shoal  waters,  the  same  consequence 
■nst  have  resulted ;  so  that  the  sea  most  in  either  case  have 
lost  more  room  by  the  diffusion  of  the  materials,  than  it  can 
bave  gained  by  encroaching  on  the  cliff*;  to  this  must  be  added 
the  materials  brought  down  to  the  sea  coast,  and  there  deposited 
by  rivers  ;  so  that  it  cannot  be  doubted  but  that  the  basin  of 
Qkt  ocean  must,  by  the  combined  action  of  these  causes,  been 
in  some  degree  (however  trifling  that  degree  may  be)  narrowed. 
If  therefore,  as  seems  probable  or  rather  indeed  certain,  the 
toantity  of  water  in  the  ocean  is  permanent,  its  level  cannot 
but  have  been  slightly  raised  by  this  roduction  of  the  super- 
fdal  space  allotted  to  it.  It  is  probable,  however,  that  this 
effect  can  only  be  spoken  of  theoretically,  being  so  small  in 
preportion  to  the  total  mass  of  waters  in  the  ocean,  and  the  area 
they  occupy,  as  to  be  absolutely  imperceptible.  But  although 
it  is  little  probable  that  any  perceptible  change  can  thus  have 
been  produced  in  the  general  level  of  the  ocean,  it  is  neverthe- 
less very  possible  that  the  Icrel  of  the  tides  along  the  coast  may 
have  been  sensibly  affected,  since  the  effect  of  these  depo- 
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sUionSy'whichafe  chiiefljmccutnulated  along  tlie  Ude  of  akstf 
must  be  to  create  shoal  water  along  the  same  line ;  and  it  it 
Tery  p<>8sible  that  the  mass  of  waters  flowing  forwards  with  the 
impulse  of  the  flood,  maj  be  forced^  by  the  resistance  it  thos 
encounters,  to  rise  higher  than  would  be  the  case  were  the 
bottom  more  deep.  It  seems  certain  that  the  bottom  of  all 
narrow  estuaries  into  which  extensiTe  rivers  discharge  ikem- 
selves,  have  been  sensibly  raised  by  these  depositions ;  and  is 
such  situations  it  must  follow  as  a  necessary  corollary^  that  tlie* 
level  of  high  water  has  been  raised  also. 
/  The  occurrence  of  submarine  forests,  i.  e.  the  remains  of 
forests  traceable  along  the  line  of  coast  considerably  beneath 
the  high  water  level,  affords  a  phoenomenon  of  great  interest, 
which  does  not  seem  readily  explicable  except  on  the  views^' 
just  stated..  The  remains  of  such  a  forest  were  traced  by  Sir 
Joseph  BanlLS,  (see  Philosophical  Transactions  for  1709),  along 
the  Lincolnshire  coast ;  the  same  thing  may  be  observed  be« 
neath  the  marshes  of  the  Thames  from  the  Isle  of  Dogs  to 
Purfleet,  at  several  points  along  the  southern  coast,  in  the 
Bristol  channel,  at  Blue  Anchor  near  Dunster,  and  at  Shurton 
bars  and  Stolford,  where  they  have  been  accurately  described 
by  Mr«  Homer  (Geol.  Trans.  voL  3) ;  at  Newgill  Sands,  Pem- 
brokeshire ;  on  the  Lancashire  coast,  &c.  &c.  It  is  evident  in 
many  of  these  instances  that  the  trees  have  not  been  drifted  to 
their  present  place,  but  h^ve  grown  where  they  now  are  found, 
since  not  only  are  the  remains  of  their  stems  in  an  upriglit 
direction,  but  the  roots  may  often  be  traced  spreading  in  an* 
undisturbed  position  through  the  substratum. 

In  many  instances  we  find  vallies  opening  towards  the  sea* 
which  have  evidently  once  been  asstuaries,  completely  filled  up' 
by  these  depositions^  and  the  phcenomena  they  present' are 
often  interesting.  Usually  the  bottom  is  coarse  gravel,  upon* 
which  rests  a  finer  silt ;  often  one  or  more  beds  of  vegetable 
matter  alternate  with  the  silt ;  it  appears  that  these  have  been 
derived  from  drift  wood,  wldch  has  floated  into  the  estuary, 
become  saturated  with  water^  or  as  it  is  called  water- log^d, 
and  perhaps  covered  by  alluvial  debris,  drifted  on  its  suiface 
by  the  wintry  torrents,  and  thus  sunk.  Bones  of  aninuils,  and 
sometimes  of  men,  and  rude  implements  of  art,  have  been 
found  among  these  accumulations,  having  drifted  probably 
upon  the  wood.  The  stream*works,  as  they  are  called,  of^ 
Cornwall,  are  evidently  estuaries  thus  filled ;  in  these,  rounded 
fragments  of  tin  ore  are  sufficiently  abundant  among  the  gravel 
which  forms  the  bottom  bed,  to  render  the  laying  open  these 
deposits  a  profitable  speculation ;  some  interesting  sections  of. 
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thcM  aodeat  sitiimriet  will  be.foiaid  in  the  third  -  Toldme  of 
tlie  Geological  Trusactioos* 

The  tract  aroond  Borey  Tracej  in  Devon,  which  eihibits 
several  lieds  of  wood«<roal,  alternating  with  the  alluvial  debris 
of  granitic  rockSi  is  another  instance  of  svch  an  KStaarj. 

The  formation  of  peat  bbgs  is  another  of  the  geological 
change!  in  actual  progress.  Dr.  Mac  Culloch  in  a  most  able 
paper  pnblislied  in  the  Edinburgh  Philosophical  Journal  for 
IfliilO,  .lias  treated  this  subject  in  tlie  most  precise  and  satisfac- 
tory manner  t  he  considers .  peat  bogs  as  divisible  (from  the 
oonsideFation  of  the  vegetables  which  compose  them,  and  the 
cuses  which  concur  in  their  formation)  into  the  following 
varieties  ;  monntun,  marsh,  forest,  lalce,  and  marine  peat :  in 
the  progress  of  the  woric  we.  shall  have  occasion  to  explain 
SMMe  fully,  and  to  appl  j  his  principles.  The  formation  of  peat 
bogs  often  occasion,  or  at  least  materially  contribute  to,  the 
partial  filling  up  of  lakes,  the  extension  of  marsh  lands  along 
the  coast,  &c.  Much  valuable  information  concerning  these 
processes  may  be  found  in  De  Luc's  Travels  in  the  north  of 
Europe* 

Tiie  materials  accumulated  in  alluvial  districts  are  usually  in 
a  loose  form,  as  sand,  marie,  and  clay.  The  formation  of  com- 
pact Tockj  masses  is  of  more  rare  occurrence  ;  under  favorable 
ciicomstances,  however,  and  especially  along  the  coast,  sand- 
stones are  formed  from  the  consolidation  of  the  drift  sand,  and 
where  the  oxide  of  iron  is  present  to  act  as  a  cement,  the  pro- 
cess goes  on  rapidly :  the  northern  coast  of  Cornwall  affords 
extensive  examples  of  this  process  (see  vol.  1  of  the  Cornish 
Geological  Transactions).  Captain  Beaufort  describes  a  line  of 
petrified  beach  as  extending  along  rarious  points  of  the  coast  of 
Ciramania ;  the  same  thing  is  common  in  the  Bahama  Isands, 
and  the  human  skeleton  brought  from  the  beach  at  Guada- 
krape,  and  preserved  in  the  Biitish  Museum,  was  imbedded  in 
a  mass  of  this  description* :  it  is  unnecessary  to  add  that  ma- 
rine remains  are  commonly  dispersed  through  rocks  of  this 
description ;  occasionally  comminuted  shells  form  almost  the 
cnlira  mass,  in  which  case  the  rock  is  of  course  calcareous :  a 
near  resemblance  to  some  of  the  oolites  may  also  be  observed  in 
these  recent  formations.  Calcareous  rocks  are  often  also  de- 
posited from  the  waters  of  existing  rivers  or  lakes  in  large 
Masses.  The  celebrated  Travertine  of  Rome  is  thus  formed, 
aad  Germany  affords  some  similar  instances.  The  deposits  of 
petrifying  waters,  such  as  the  Baths  of  San  Filippo,  the  stalac- 

•  ••  The  occurrence  of  the  Balimus  tnfuciatnt,  «  very  common  West 
'Ipdian  ftbell|  in  this  iuam^  strongly  indicates  its  modern  formation.'* 
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€iic«i  ihcnutafions'of  catems,  kt.  nay  be  refbred  to  die  sand 
general  head.  In  many  instances  these  recent  calcareous  depo^ 
sitii  include  land  or  freshwater  shells,  leaves,  and  other  sob- 
■ttmces  which  have  become  accidentally  entangled  in  them. 

But  of  all  the  changes  resulting  from  causes  in  actual  openN 
tfon,  those  depending  on  the  agency  of  volcanos  are  the  most 
red^iiLable.  By  this  cause  new  mountains  are  still  occasionally 
elevated,  and  new  islands  formed;  thus  the  Monte  Nnovo^ 
elevated  above  600  feet,  rose  in  the  space  once  occapied  by 
the  Locrine  lake  in  the  year  1538.  See  Hamilton's  letters  od 
Volcanos,  p.  127 ;  and  more  recently  (1759)  in  Mexico,  fimn 
similar  causes,  a  tract  of  ground  of  four  square  miles  in  extent, 
swelled  to  the  height  of  524  feet,  and  in  the  centre  of  a  thoa- 
sand  burning  cones,  six  large  masses  elevated  themselves  mora 
than  1200  feet;  the  loftiest  summit,  known  as  the  Volcano  of 
Jorullo, Tising no  less  than  1695  feet.  What  renders  the  case 
morie  remarkable  is,  that  the  point  where  this  extraordinary 
convulsion  happened,  is  more  than  42  leagues  distant  frcMn  every 
other  volcano.  See  Ilumboldt's  New  Spain,  vol.  2.  p.  165. 
The  islands  of  the  Greek  Archipelago,  especially  those  of  Hiera 
and  Santorini,  have  received  accessions  by  the  extension  of 
those  previously  existing,  and  the  formation  of  new  islets  in  the 
adjoining  sea  by  volcanic  eruptions,  in  726,  1427,  1673,  and 
1650.  New  islands  are  recorded  as  having  been  thus  formed 
imong  the  Azores  in  1628,  and  very  recently  in  1811. 

By  the  same  cause  extensive  districts  are  covered  with  thick 
beds  of  volcanic  ashes ;  those  resulting  from  successive  erup* 
tions  being  regularly  disposed,  stratum  super  stratum,  and  over^ 
flowed  by  long  currents  of  lava,  or  sometimes  by  streams  of 
ejected  mud.  Mackenzie's  and  Henderson's  travels  in  Iceland, 
Fortis,  Spallanzani,  Dolomieu,  and  Ferrara  in  Italy  and  Sicily, 
and  Humboldt's  in  South  America,  should  be  referred  to  on 
these  heads. 

Closely  connected  with  volcanic  phoenomena  are  those  of 
earthquakes.  These  often  produce  subversions  of  the  strata, 
which  represent,  though  on  a  smaller  scale,  and  may  perhaps 
account  for,  those  grand  dislocations  and  derangements  which 
we  generally  observe  in  the  beds  composing  mountain  chains. 
See  particularly  the  description  of  the  effects  produced  by  the 
great  earthquake  in  Calabria. 

The  agency  of  volcanic  powers  appears  to  have  been  much 
tnore  extensive  at  an  earlier  period,  even  under  the  existing 
order  of  things,  and  subsequently  to  the  last  great  convulsion 
of  the  Earth's  surface,  than  they  are  at  the  present  moment ; 
for  we  observe  craters  now  extinct  of  the  most  indisputable 
character,  which  have  covered  with  showers  of  scoria;  raa^y* 
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tries  of  Earope,  at  present  remote  from  an  j  active  Yolcanos. 
Socb  craters  are  foond  in  Auvergne^  on  the  Rhine  between 
Bonn  and  Andemach,  in  Hungary,  md  along  the  west  side  of 
Italj,  where  VesnTins  alone  still  retains  its  enei^gy.  In  all 
these  instances  the  fact  that  the  currents  of  lara  and  showers  of 
ashes  have  descended  the  present  vallies,  proves  the  activity 
of  these  volcanos  snlisequentlj  to  the  complete  excavation  of 
thooe  vallies. 

Another  actual  cause  of  change  operating  on  the  surface  of 
the  planet,  is  one  which  we  can  scarcely  include  among  geologi- 
cal phcenomena,  and  which  it  yet  seems  necessary  to  mention 
ia  Older  to  present  a  complete  view  of  those  changes :  we  allude 
to  the  coral  reefs  and  islets  formed  in  the  midst  of  the  Pacific 
ocean  and  some  other  seas,  by  the  minute  but  combined  labours 
of  millions  of  marine  soophytes.  The  following  extract  from 
Kotaebne's  voyages  (as  cited  in  the  Quarterly  Review)  gives 
the  latest  and  perhaps  the  best  view  of  this  interesting  subject. 

^  As  soon  as  it  [the  ridge  or  reef]  has  reached  such  a  height, 
that  it  remains  almost  dry  at  low  water,  at  the  time  of  ebb,  the 
corals  leave  off  building  higher;  sea-shells,  fragments  of  corals, 
wa  hedge-hog  shells,  and  their  broken  off  prickles  are  united 
by  the  burning  sun,  through  the  medium  of  the  cementing  cal- 
careoos  sand,  which  has  arisen  from  the  pulverisation  of  the 
ibove-oientioned  shells,  into  one  whole  or  solid  stone,  which, 
strengthened  by  the  continual  throwing  up  of  new  materials, 
gnuiwdly  increases  in  thickness,  till  it  at  last  becomes  so  high, 
that  it  Is  covered  only  during  some  seasons  of  the  year  by  the 
high  tides.    The  heat  of  the  son  so  penetrates  the  mass  of  stone 
when  it  is  dry,  that  it  splits  in  many  places,  and  breaks  off  jn 
flakes.     These  flakes,  so  separated,  are  raised  one  upon  another 
by  the  waves  at  the  time  of  high  water.    The  always  active  surf 
throws  blocks  of  coral  (frequently  of  a  fathom  In  length,  and 
three  or  four  feet  thick)  and  shells  of  marine  animals  between 
lad  npon  the  foundation  stones ;  after  this  the  calcareous  sand 
L     lies  undisturbed,  and  offers  to  the  seeds  of  trees  and  plants  cast 
'      npoD  it  by  the  waves,  a  soil  upon  which  they  rapidly  grow  to 
I     ovenhadow  its  dazzling  white  surface.     Entire  trunks  of  trees, 
which  are  carried  by  the  rivers  from  other  countries  and  islands, 
ifind  here,  at  length,  a  resting  place,  after  their  long  wander- 
ings :  with  these  come  some  small  animals,  such  as  lizards  and 
*     insects,  as  the  first  inhabitants.     Even  before  the  trees  form  a 
wood,  the  real  sea-birds  nestle  here ;  strayed  land-birds  take 
^     refogein  the  bnslies;  and  at  a  much  later  period,  when  the 
I     work  has  been  long  since  completed,  man  also  app(*ars,  builds 
I     bit  hat  on  the  fruitful  soil  formed  by  the  corruption  of  the  leave's 
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of  tbe  trees,  mod  calls  himself  lord  and  proprietor  of  'this  new 
creation."    toL  iii.  pp.  331-3. 

'  §  13.  HaviDg  thus  brought  to  a  conclusion  our  sarrey  of  tho 
pihcenomena  which  it  forms  the  object  of  Geologj  to  tnyestigatf » 
We  subjoin  a  rapid  sketch  of  the  progress  of  that  science  eape* 
cially  in  our  own  country* 

'.  In  the  limited  number  of  physical  subjects  which  attracted 
the  attention  of  classical  antiquity,  we  can  only  venture  to  is* 
tlode  a  few  insulated  phcsnomena  from  among  those  which  fall 
within  the  province  of  Geology.  Such  striking  natural  appeaf- 
ances  as  earthquakes  and  Tolcanos  could  not  indeed  entirely 
^cape  notice,  and  we  occasionally  find  crude  theories  proposed 
iff  account  for  their  causes:*  the  formation  of  new  lands  hf 
like  allovium  of  rivers,  t  the  birth  of  new  islands,  %  and  the  ea- 
croachment  of  the  sea  on  the  land,  ||  are  also  topics  often  handled 
by  them  which  at  least  border  on  Geology.  With  the  greet 
and  leading  fact  of  geological  speculation,  the  occurrence  of  the 
spoils  of  marine  animals  imbedded  in  the  solid  strata  of  tbe 
continents,  they  were  acquainted,^  but  it  seems  not  to  have  ex* 
cited  much  interest  or  curiosity  ;  and  it  is  singular  that  when 
adducing  other  arguments  to  prove  the  farorite  tenet  of  soee 
of  their  schools,  that  the  face  of  nature  was  undergoing  a  per* 
petual  change,  so  that  what  was  then  land  had  once  been  sei, 
this,  which  amounted  to  occular  proof,  is  very  often  overlooked.4. 

*  Pliny.  Hist.  Nat.  h'b.  2.  81  ad  86.  Aristotle,  Meteorologica.  lib.  t» 
14, 15, 16.  Lucretius,  lib.  6.  Seneca,  Nat.  quaest.  a  cap.  4.  Plutarch  de 
Piacitia,  Philos.  Ub.  S. 

-f  Pliuy*  lib.  2.  87.  Ari&totle.  Meteor,  lib.  1.  14.  Herodotus,  lib.  9.  ia 
inUio.  Polybius  gives  an  iuteresting  account  of  the  increase  of  alhrrial 
depocits  in  tne  Palus  Moeotis  (lib.  4).  Strabo  mentions  the  volcanic  Ibr- 
mation  of  a  new  mountain  of  enormous  height  in  the  neighbourhood  oC 
Methone.     (£d.  Ab.  torn.  1.  p.  |02.) 

I  Pliny,  lib.  3.  88.  89. 

I  Pliny,  lib.  2.  90.  92.  94. 
^  Pausanias  (Attica)  describes  a  quarry  of  shell  limestone,  AI902 
KOrXITHS,  at  Megara  as  a  solitary  example  of  this  kind  of  stone  ia 
Greece ;  he  observes  that  it  was  soft,  white,  and  quite  full  of  shells.^ 
Xenophon,  in  the  Anabasis,  more  than  once  mentions  temples  and  otltfr 
buildings  constructed  of  a  similar  stone.  The  professed  writers  on  minerals, 
bowever,  scarcely  allude  to  the  subject.  Theophrastus  mentions  an  ostra* 
cites,  but  in  such  a  manner  that  it  is  not  dexr  wnether  he  meant  an  orgtittc 
remain  or  not.  Pliny  only  says  of  a  fossil  of  the  same  name  that  it  had  tbe 
figure  of  a  shell ;  and  though  he  describes  under  various  fancifu)  names, 
what  appear  to  have  been  Belemnites,  Ammonites,  Echinites,  ^criniteiy 
Corallites,  aud  casts  of  Cardia,  &c.  does  not  betray  any  suspicion  of  their 
true  origin.  The  same  writers  mention  the  occurrence  of  fossil  bones  and 
ivory  equally  without  remark. 

4.  The  arguments  which  Aristotle  brings  in  support  of  this  are  deduct^ 
from  a  fanciful  notion  that  the  Earth  was  partially  subject  to  a  change  likt 
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I  alone^  perhaps,  alleges  it  with  this  flew  among  the  illbs* 
ms  of  the  ahore  doctrine,  which  he  has  pot  into  the  mouth 
fthagoras ;  his  words  hare  heen  so  freqaentlj  cited,  that  it 
nost  unnecessary  to  repeat  them. 

^  Vidi  factas  ex  equore  terras, 

£t  procul  a  pelago  conchs  jacuere  marine." 

Mne  of  their  general  physical  notions  we  may  almost  fancj 
lee  the  germ  of.  more  modern  theories;  thus  that  of  the 
acement  of  the  sea,  afterwards  adopted  and  adorned  by 
iDD,  may  be  traced  in  Aristotle,  who  appears  to  haTe  con- 
red  it  as  a  periodical  revolution  of  nature ;  X  and  the  wild 
splendid  conception  embraced  by  many  of  their  schools, 
particularly  by  the  Stoics,  that  the  Earth  had  experienced 
oent  destructions  and  renovations  from  the  agency  of  igneous, 
istations  (ecpyroses)  and  inundations  (cataclysmi)  recurr- 
after  intenrals  of  distant  ages,  reminds  us  in  so  many  re- 
ts of  the  Uuttonian  theory  *  that  we  might  almost  suppose 
>  have  becu  adopted  from  the  consideration  of  the  same 
inil  appearances :  but  it  is  more  consistent  with  the  general 
OS  of  their  philosophical  speculations  to  believe  that  it  was 
need  from  the  principles  they  assumed  on  the  high  priori 
I,  than  introduced  by  any  train  of  inductive  reasoning 
ilided  on  observation. 

from  yooth  to  a^^  by  which  its  moisture  dried  up ;  from  the  earlier 
tation  of  the  cities  in  th^  upper  than  lower  regions  of  EgyP^  '^'^ 
!ce;  the  formation  of  the  former  in  great  part  from  the  Nile ;  tne  gn^ 
fining  op  the  Palus  Mceotis,  &c.  and  the  necessity  that  such  changes, 
gh  luiobscrvable  to  the  eye  of  man  which  contemplates  but  a  moment, 
:  yet  take  place  in  the  lapse  of  time,  which  he  believed  to  be  of  infinite 
turn.    Meteorologica.  1. 1.  14. 

MX  Oil  ra  iJM  yn  rot  )•  BaX.eSl\a  hartktt  warra  rot  yj^wn  a>JM 

treu  dotXotTIa  /easv  ovd  ynfvos  ffS«  ^s  wt  BaXmfi»  wetkif  nran^a  yn» 

s  ffctvTBi  raa  ra^tt  tofAt^tn  yjpi  roarttL  tuu  ws^ioiov.    Meteor.  L 1. 14. 

See  particularly  Lipsius  de  Physiologia  Stoicorum.  This  writer  quotes 
following  passage  from  Censorinus,  a  philosopher  of  that  school: — 
pracerea  annus  quern  Aristoteles  maximum  potius  quam  manium  ap- 
it,  quern  solis  &  lunnc  va^rumque  stellarum  orbes  conficiunt,  cum 
lem  sagnum  ubi  quondam  simul  fuerant  una  revertuntur.  Cujus  anni 
IS  summa  est  Catadysmus  quern  nostri  diluvionem  vocant ;  sDStas  aucem 
jrrotis  quod  est  mundi  incendiunu  Nam  his  alternis  temporibus  muD" 
torn  ezignesere  tum  exaquescere  videtur.  The  reader  who  vrishes  for 
Oer  account  of  this  doctrine,  may  be  referred  to  a  chapter  dedicated  to 
Qvestigation  in  Dr.  Prichard*s  Egyptian  Mythology,  which  ably  con- 
es all  the  collections  of  Lipsius,  and  to  which  we  are  indebted  tor  the 
re  quotation.  The  whole  of  Dr.  Prichard's  work  is  a  model  of  judi- 
i,  sober,  and  philosophical  criticism,  applied  to  subjects  where  we  are 
utooied  to  meet  only  with  extravagant  conjectures,  and  still  more  ex- 
•agant  etymologies. 
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Od  the  practical  operatioiis  of  mining  among  the  ancieod 
nuch  curious  infonnation  may  be  found  iu  an  interestiug  paper 
^y  Mr-  Hawkins,  published  in  the  first  Tolume  of  the  ConiiA 
Geological  Transactions. 

The  Arabian  writers  in  the  middle  ages  appear  to  have  col- 
tivated  mineralogy  with  some  success;  the  first  foundation  of  a 
rational  arrangement  of  minerals  was  laid  by  Avicenna  at  tlM 
elose  of  the  tenth  century. 

Several  Italian  writers  are  cited  as  having  noticed  the  occur- 
rence of  fossil  shells  in  the  hills  of  that  country  at  an  etrfj 
period.  The  celebrated  Boccacio  is  among  these ;  and  in  tKc 
nfteenth  centuryAlessandro  degli  Alessandri  proposed  the  hvpo- 
thesis  that  the  axis  of  the  earth's  rotation  might  ori^nally  have 
had  a  different  situation  from  the  present,*  as  a  means  of  ac- 
counting for  the  change  in  the  place  of  (and  and  sea  indicated 
by  this  circumstance.  Fracastoro,  in  1517,  enters  largely  iato 
this  subject,  and  observes  that  the  phoenomena  are  such  tliat 
ihey  cannot  be  satisfactorily  explained  by  a  transient  cod- 
Tulsibn,  such  as  the  deluge  alone.  Palissy,  a  French  writer  ia 
1580,  has  been  cited  with  high  praise  by  Fontenelle  as  aa 
original  discoverer,  on  the  ground  of  similar  observations  \  bat 
the  priority  of  Fracastoro  is  evident. 

'  George  Agricola,  a  native  of  Misnia,  who  flourished  durfi^ 
the  first  half  of  the  sixteenth  century,  published  on  sevenl 
branches  of  Mineralogy  ;  in  particular  he  has  illustrated  in  i 
full,  precise,  and  clear  manner,  the  various  phoenomena  d 
metallic  veins. 

,  Before  the  close  of  that  century,  an  Englishman,  Creorgf 
Owen  of  Pembrokeshire,  left  behind  him  a  very  valuable  miniT' 
script  work  on  the  topography  of  his  native  county.  In  this  &( 
hi^s  traced  with  much  accuracy  the  direction  and  extent  of  the 
ikrata  of  coal  and  the  limestone  which  accompanies  them  throng! 
the  whole  of  South  Wales,  and  pointed  out  the  connections  o' 
this  tract  with  similar  districts  in  Gloucestershire  and  Somer 
iietshire.  This  appears  undoubtedly  the  earliest  attempt  ti 
establish  the  important  and  fundamental  geological  fact,,  tht 
the  same  scries  of  rocks  succeed  each  other  in  a  regular  ordo 

*  A  nmilar  notion  found  an  advocate  in  Voltaire,  who  even  believed  li 
the  wild  tradition  of  the  Egyptians,  that  the  Sun  had  Uoiee  rum  in  tki  «w 
within  the  memory  of  that  nation,  ascribing  this  to  a  supposed  revolutw 
of  the  Eartli's  axis  round  one  of  the  equatorial  diameters,  which  he  inuup 
fied  was  completed  in  four  millions  of  years.  It  is  needless  to  add  tSl 
astronomical  observation  does  not  afford  the  slightest  ground  for  thei 
tetravagant  speculations ;  the  real  change  of  the  obliquity  of  the  ecliptic  i 
a  phcenomenon  arising  from  causes  of  a. very  different  nature :  it  is  a  MCfl 
far  variation  confined  within  very  narrow  limits,  and  inadequate  to  accouo 
for  any  geological  appearances. 
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throughout  extensive  tract*  of  country,  and  to  elucidate  the 
geological  structure  thus  indicated ;  but  his  work  having  con- 
tinued in  manuscript  till  recently  published  in  the  second 
volume  of  the  Cambrian  Register,  remains  a  striking  instance 
of  those  anticipations  of  subsequent  discoveries  which  may 
often  be  noticed  in  the  history  of  science,  but  can  iu  no  degree 
have  contributed  to  forward  them. 

During  the  seventeenth  century  we  find  little  but  theoretical 
writers^  like  fiurnet,  without  obseivation,  or  collectors  without 
general  views.  Among  the  c<'lloctors,  however.  Woodward 
deserves  very  honorable  mention.  WhiU;  he  enriched  one  of 
our  Universities,  Cambridge,  i^Uytld  laboied  to  rival  him  at 
the  other.  Llwydd  appears  to  have  been  acquainted  partially^ 
It  least,  with  the  occurrence  of  particular  shells  in  particular 
itrata ;  having  obsen-ed  that  the  same  varieties  of  £chini  are 
peculiar  to  the  chalk  of  England  und  the  north-east  oLIreland. 
But  Lister  chiefly  demands  our  notice  in  this  century,  having 
been  undoubtedly  the  first  proposer  of  regular  geological  maps. 
(See  Philosophical  Transactions  for  1684.)  The  very  idea  of 
this  proposal  indicates  an  acquaintance  with  the  regularity  of 
feok^ical  structure  prevailing  over  extensive  districts  ;  it  does 
not  appear  that  he  ever  carried  his  design  into  execution,  but 
he  illustrates  it  by  mentioning  the  divisions  he  would  have 
adopted  for  Yorkshire,  and  a  map  coloured  according  to  these 
dhisions  would  afford  a  fair  delineation  of  its  true  structure. 
He  also  shews  that  he  was  well  acquainted  with  the  extent  of 
the  chalk  formation  in  this  island  and  France ;  and  from  some 
of  his  notices,  it  farther  appears  that  he  had  recognised,  at 
leait  in  one  particular  instance,  the  distinction  of  strata  by 
tbdr  organic  remains. 

Early  in  the  following  century  we  find  the  occurrence  of  the 
chalk  and  sandy  hills  in  parallel  zones  in  Bedfordshire,  observed 
by  Holloway  (Philosoph.  Trans,  for  17123) ;  and  the  same  fact 
Mill  more  ably  illustrated  by  a  masterly  description  of  the 
triple  range  of  hills  of  chalk,  of  Kentish  rag  stone,  and  of  clay 
tTavening  the  county  of  Kent,  by  Mr.  Packe,  author  of  a 
cborographfcal  chart  of  East  Kent,  published  1730.  About 
the  same  period,  Mr.  Strachey,  in  a  series  of  communications 
la  the  Royal  Society,  had  well  described  the  coal-district  of 
Sanersetshire.  He  notices  the  inclined  position  of  the  car- 
ViMferous  strata,  and  the  horizontal  direction  of  the  beds  of 
Nd  ground  and  lias  which  cover  them  ;  his  sections  also  demon- 
tatc  that  he  was  acquainted  with  the  regular  succession  of 
Wli  in  this  district,  namely,  chalk,  freestone  (Ikth  oolite), 
Rd  ground,  coaUmeasures,  metalliferous  limestone  of  Mendip 
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41m.:  lie  boweTer  eipiains  it  on  an  absurd  principle,  which 
wmi  bare  praTented  his  applying  it  to  any  general  pinrpoic. 
!-  As  we  approach  the  middle  of  the  eighteeath  century,  wm 
had  the  scattered  raye  of  information,  which  alone  can  be  dia« 
Hfiroed  previouslj,  oonreiging  into  a  more  condensed  and 
iieady  Ught;  the  disjomed  atoms  fallmg,  as  it  were,  into 
a  regular  system.  The  splendid  genius  of  Buifon,  though  mt 
Ikii  subject  i4  wasted  its  strength  in  the  unprofitable  pofssil  of 
tktforetical  speculations,  and  added  Uttie  or  nothing  to  the 
ioltd'  and  accnmnlating  mass  of  inductive  observations,  yet 
iMidonbtedly  by  the  very  brilliancy  of  those  specnlatione^  and 
perhaps  by  their  extravagance  also,  strongly  tended  to  kindle  a 
9iore  general  attentioir  to  this  branch  of  philosophical  enqairy. 
Gaettard,  in  1746^  first  carried  into  execution  the  idea  pro* 
]M»ed  by  Lister  years  before,  of  geological  maps :  he  divMed 
the  surface  of  the  earth  into  three  grand  zones  ;  the  schistose, 
vhich  nearly  coincided  with  the  primitive  and  transidott  dis- 
tricts of  later  geologists ;  that  of  marles,  which  inchided  gene* 
iaily  the  secondary  limestones ;  and  that  of  sand,  which  io  like 
nuuiner  comprised  what  have  been  since  termed  tertiary  for* 
■latioDS :  the  localities  of  individual  minerals  were  expressed 
hj  signs,  analagous  to  those  employed  in  chemistry,  lie  ^peavs 
to  have  endeavoured  to  extend  these  principles  to  the  strac* 
tare,  not  only  of  a  considerable  part  of  Europe,  but  of  Canada 
also,  and  Asi»  Minor.  Such  extensive  generalisations  at  that 
iperfod  of  the  science  coold  not  be  otherwise  than  extremely 
hasty  and  incorrect;  and  accordingly  the  attempt  to  accoia* 
j^lish  too  much,  appears  to  have  brought  his  method  into  mhcb 
dncredit :  indeed  in  his  later  publication,  the  Atlas  MinenUOi* 
gique  de  France,  conducted  in  conjunction  with  Moanet,  htf 
Dearly  confines  himself  to  indicating  the  localities  of  indNidual 
Ininerals* 

Lehman,  in  a  work  published  in  1756,  was  the  first  to  intro- 
di^ce  generally,  and  to  establish  firmly,  the  great  distinctUNi 
between  primitive  and  secondary  rocks.  It  Imd  howeter  pre* 
vi<:insly  been  obscurely  indicated  in  the  writings  of  the  Tuscan 
Sieno,  and  more  clearly  by  his  successor  at  Florence,  Targiooi ; 
Desmarest,  in  the  Encyclopedie  Methodique,  ailso  claims  hi 
favour  of  his  countryman  Rouelle,  in  a  course  of  lecttrei 
delivered  about  the  same  period,  the  honour  of  having"  esta- 
blished a  still  more  complete  division  into  primitive^  inter- 
mediate,  and  secondary  rocks,  and  of  having  distinctly  an- 
nounced that  the  organic  remains  contained  in  the  two  latter 
fdasses,  were  distributed  in  regular  assemblages  (termed  by  hiai 
gfiiiu),  each  contatning  pecnliar  genera  and  species ;  b«t  these 
lectures  appeal*  oeTer  to  have  been  printed,  nor  to  have  exer« 


Qiitd  aDjr  iufluAnce  beyond  the  sphere  in  lihich  Ihey  were 
delirered.  Uesides  establishing  the  great  distinction  of  pri« 
mitive  and  secondary  rocks,  Lehman  illustrated  his  doctrines 
by  many  details  concerning  the  disposition  of  the  carboniferoos 
rorkft,  and  those  associated  with  cupriferous  marle-slate  (thci 
same  since  fully  described  by  Friesleben)  as  exhibited  aroundf 
the  liartx  and  Erzegebirge:  he  fell  into  the  common  error, 
(which  Werner  himself  afterwards  imitated)  of  supposing  that 
the  few  rocks  which  had  fallen  under  his  observation  in  a 
limited  district,  were  all  that  the  world  afforded  ;  and  that  he 
had  sufficient  data,  from  the  inspection  of  the  former,  to  reason 
as  to  the  universal  structure  of  the  latter. 

In  1760  the  Rer.  J.  Michcll,  in  a  paper  on  the  Cause  and 
Phoeuomena  of  Earthquakes  published  in  the  Phil.  Transactions, 
delivered  the  whole  doctrine  of  the  regular  succession  of  the 
stratilicd  masses  constituting  the  crust  of  the  earth,  in  a  man- 
ner still  more  satisfactory  and  compleat :  he  observes  that  thia 
structure  is  such  that  we  always  meet  with  successive  zones  of 
the  various  mineral  masses  lying  parallel  to,  and  rising  towardfj 
the  crest  of  the  principal  mountain-ridge :  he  illustrates  this 
position  by  instances  derived  from  the  mountains  of  North  and 
South  America,  and  from  England,  in  which  latter  country, 
he  observes,  the  general  direction  of  the  strata,  and  the  chains 
formed  by  them,  runs  from  east-north-east  to  south-west ;  he 
also  particularly  remarks  (as  indeed  Lister  had  done  previously) 
the  length  and  continuity  of  the  range  of  chalk  extending  more 
than  300  miles  on  the  opposite  sides  of  the  Channel  in  England 
and  France ;  he  adds  that  it  would  be  easy  to  have  carried  the 
proof  of  the  regular  succession  of  the  strata  of  England  much 
farther  into  detail,  and  among  his  papers  was  found  the  follow- 
ing list  of  English  strata,  bearing  date  about  1788  or  1789. 

Tardfl  of 
thicknat. 

Chalk 120 

Golt 50 

Sand  of  Bedfordshire 10  or  20 

Northamptonshire  lime  and  Portland   limes, 

lying  in  several  strata 100 

Lyas  straU 70  or  100 

Sand  of  Newark ^ . . .  about  30 

Red  clay  of  Tuxford,  and  several  red  marles.  • .    100 

Sherewood  Forest,  pebbles  and  gravel 60 

uneptai 

Very  fine  white  sand unceriam 

Roche  Abbey  and  Brotherton  limes 100 

Coal  strata  of  Yorkshire — 

/2 
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Whitehant,  in  his  enquirj  into  the  original  formation  of  (he 
Earth  (1778),  insists  on  the  regular  saccession  of  the  strata,  and 
confirms  this  doctrine  by  a  full  and  exact  account  of  the  geolo* 
glcal  structure  of  Derbyshire,  which  he  illastrates  bj  sereral 
food  sections.  He  has  left  little  for  succeeding  enquirers  to 
glean  concerning  the  general  history  of  the  carboniferous  lime- 
stone and  coal*fonnations  of  that  district ;  but,  as  has  been  well 
obsenred,  a  great  part  of  his  work  is  infected  with  that  taste  for 
cosmogony  which  had  misled  so  many  of  his  predecessors :  his 
friend  Mr.  Kier  shortly  afterwards  imitated  successfully  the 
descriptive  and  raluable  part  of  his  writings,  in  an  able  memoir 
on  the  district  of  limestone*  coal,  and  basalt,  in  the  south  of 
Staffordshire,  published  in  Shaw's  history  of  that  county. 
'  In  the  year  1788  Uutton  published  his  Theory  of  the  Earthy 
a  work  which  has  exercised  a  lasting  Influence  oTer  the  writings 
of  a  large  class  of  English- geologists.  It  is  unnecessary  here  to 
recapitulate  the  heads  of  a  system  so  gcr;erally  known  through 
the  elegant  ^^  illustrations"  of  its  ablest  advocate.  Huttou  had 
the  merit  of  first  directing  the  attention  of  geologists  to  the  im- 
portant phoenomena  of  the  veins  issuing  from  granitic  rocks,  and 
traversing  the  incumbent  strata,  and  of  bringing  forward  in  a 
striking  point  of  view  the  circumstances  which  seem  to  corro- 
borate the  igneous  origin  of  trap  rocks :  the  wiidness  of  many 
of  his  theoretical  views,  however,  went  far  to  counterbalance 
(he  utility  of  the  additional  facts  which  he  collected  from  ob- 
fervation.  He  who  could  perceive  in  the  phoenomena  of  geology 
nothing  but  the  ordinary  operation  of  actual  causes,  earned  on 
In  the  same  manner  through  infinite  ages,  without  the  (race  of 
a  beginning  or  the  prospect  of  an  end,  must  have  surveyed  them 
through  the  medium  of  a  preconceived  hypothesis  alone. 

We  have  now  arrived  at  the  period  at  which  Werner  first 
published  his  researches:  his  <  Kurze  Klassification '  appeared 
in  1 787,  but  his  system  seems  to  have  received  various  acces- 
sions between  that  time  and  1796.  It  Is  difficult  to  estimate 
his  real  and  independent  merits,  since  he  himself  published 
but  little,  and  we  are  acquainted  with  his  system  only  by  later 
publications  of  his  popils,  which  are  at  the  same  time  compila- 
tions from  other  sources  :  those  merits  appear  to  have  consisted 
chiefly  In  a  superior  acquaintance  with  the  mineralogical  cha- 
racters of  rocks,  in  having  traced  with  more  minuteness  the 
saccession  of  primitive  and  transition  rocks,  together  with  the 
few  floBtx  rocks  which  he  had  opportunities  «ff  studying  in  that 
part  of  Germany  with  which  fie  was  alone  acquainted,  and 
which  he  fondly  imagined  to  form  the  type  of  the  whole  globe; 
and  (which  was  of  more  importance)  in  having  reduced  the 
hitherto  irregular  elements  of  geological  science  into  a  stiicter 
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nwtbod  and  more  lystematic  form.  His  attempts  at  theorlaing 
mast  now  appear  to  all  but  his  most  devoted  adherents,  among 
the  most  ansuccessful  and  nn philosophical  ever  made,  and  even 
these  «re  gnidnally  abandoning  one  by  one  all  his  most  charac- 
teristic opinions.  Ttiere  was,  however,  in  his  character  an 
eneigetic  determination  of  all  his  powers  to  the  advancement 
of  his  favorite  pursoit,  which  communicated  itself  to  his  whole 
class,  and  donbtlt^s  he  has  done  more  than  any  other  individual 
to  promote  its  career. 

The  travels  of  Sanssnre  in  the  Alps,  and  of  Pallas  in  various 
parts  of  the  Unssian  territory,  but  especially  the  former,  afforded 
bowever  contributions  to  the  advancement  of  true  geological 
science,  more  important  perhaps  in  themselves  than  the  methodi- 
cal  arranc;ements  of  the  Freyberg  school,  and  certainly  much 
more  so  than  all  its  theoretical  accompaniments.         , 

In  1790  Mr.  William  Smith,  (a  name  which  can  never,  in 
tracing  the  history  of  English  geology,  be  mentioned  without  the 
respect  due  to  a  great  original  discoverer)  appears  to  have  com* 
menced  his  researches  in  the  neighbourhood  of  Bath,  having 
in  that  year  drawn  up  a  tabular  view  of  the  strata  exhibited  in 
that  district,  which  in  fact  contained  the  rudiments  of  his  sub- 
seqvent  discoveries.  Ten  years  afterwards  he  circulated  pro« 
posals  for  poblishing  a  treatise  on  the  Geology  of  England  to 
be  accompanied  by  a  coloured  map  and  sections,  and  in  the  in- 
terval had  freely  commanicated  the  information  he  possessed 
in  maiiy  quarters,  till  in  fact  it  became  by  oral  diffusion  the 
common  property  of  a  large  body  of  English  geologists,  and  thus 
contrilinted  to  the  progress  of  the  science  in  many  quarters 
wliere  the  author  was  little  known.  In  this  same  interval,  be- 
tween 1790  and  1800,  several  volumes  of  reports  were  pnb- 
Ushed  by  the  Board  of  Agriculture,  many  of  them  C4>ntaining 
much  local  geological  information  ;  and  to  this  board  muH 
undouhiedljf  (fC  atcribed  ike  honour  of  having  produced  the 
earUett  geological  maps  of  anif  part  of  England ;  for  its  first 
series  of  reports  published  in  1704  contains  very  adequate 
geological  maps  of  the  North  riding  of  Yorkshire,  of  Derby- 
shire, and  of  Nottinghamshire,  and  a  less  perfj^ct  one  of  Devon- 
shire ;  that  of  Kent,  published  in  1796,  has  a  regular  geolo- 
gical map  of  that  county  (which  indeed  after  the  treatise  of 
Packe  in  the  beginning  of  the  century  it  was  easy  to  construct). 
Between  thia  date  and  1813,  the  same  hoard  has  also  given 
Bieful  maps  of  Sussex,  Surrey,  Berks,  Bedford,  Gloucester, 
Wilts,  Lincoln,  Durham,  and  Cheshire,  besides  publishing  a 
second  report  of  Derbyshire  dedicated  exclu8i''ely  to  its  mine- 
nlogy  by  Mr.  Farey.     Maton*s  tour  through   the  western 


tlvi  INTRODUOTJOX. 

IMmnties,  pnblithed  ii|  1796,  ha«  also  a  regular  tlioufh  of  coarM 
ii|i()arfect  geological  map  of  the  west  of  England. 

TheBe  are  certainly  the  earliest  published  geological  maps  of 
any  part  of  this  island ;  bot  it  is  probable  that  Mr.  Smith  Iia4 
already  commenced  the  manuscript  of  his  own,  which  after 
nany  delays  at  length  made  its  appearance  in  1815,  aad  was 
succeeded  by  various  county  maps  on  a  larger  scale,  sections^  frc* 

D'AubnissoD  has  liberally  said  of  this  great  performaDce  of 
an  unassisted  individual — 

^^  Ce  que  les  .min^ralogistes  les  plus  distingues  ont  fait  dans 
una  petite  partie  de  I'Allemagne,  en  un  demi<^8iecle,  vb  seal 
homme  (M.  William  Smith,  ingeiiieur  des  mines)  I'a  eiitrepris 
at  effectu^  pour  toute  I'Angleterre ;  et  son  travail,  aassi  ben 
par  son  resultat,  qu'il  est  ^tonnant  par  son  6(endue,  a  fait  coa^ 
dure  que  VAngleterre  est  reguUhrement  dwinee  en  couches y^que 
Pordre  de  4eur  supetjiosifion  finest  jamais  infervefti ;  ei  que  et 
mmi  exuctement  des  fossiles  semblabki  qu'on  trottve  dans  iauUi 
Us  parties  de  la  tnS/ne  cottche  et  a  de  grandes  distances. 
^  Tout  en  payant  au  travail  de  M.  Smith  le  tribut  d'admiratioa 
qui  lui  est  dd^  M  me  sera  permis  de  desirer  que  des  observatioas 
ulterieures  en  confirment  Tcxactitude,  et  dej^,  snr  plusieufs 
points,  les  travaux  des  mineralogistes  anglais  Pont  confirmee." 

Nor  is  this  praise  in  any  respect  too  high ;  to  say  indeed  that 
the  first  geological  map  of  any  country  is  likely  to  be  free  from 
material  imperfections,  is  to  maintain  a  position  which  every 
one  acquainted  with  the  ordinary  progress  of  science  most  feel 
to  be  untenable.  This  is  an  object  only  to  be  gained  by  a  series 
ef  gradual  approximations,  and  it  is  by  no  means  a  small  tribata 
of  commendation  to  say  that  Mr.  Smith  has  commenced  thai 
series  with  a  performance,  in  which  the  trifling  errors  of  detail 
which  it  may  exhibit,  bear  no  proportion  in  importance  to  Ihq 
great  general  views  which  it  correctly  lays  down.  If  we  cast  a 
rapid  glance  over  this  and  his  other  publications,  begiuiing  with 
his  representations  of  the  more  recent  strata,  and  descending,  the 
geological  series,  we  shall  at  once  see  what  he  has  achieved,  and 
added  to  our  previous  information,  and  what  lie  has  left  for 
others.  The  tertiary  beds  above  the  chalk  he  has  represented 
only  generally,  their  more  accurate  division  having  been  re- 
served for  the  researches  of  Mr.  Webster,  &c.:  the  chalk  for*, 
mation  he  has  laid  down  with  great  precision,  but  its  limits  had| 
as  we  have  seen,  been  before  generally  stated  by  many  aothori* 
ties :  hence  through  the  series  of  sands  and  oolites^  down  to  the 
new  red  sandstone  or  red  ground,  the  whole  field  is,  with  fesr 
and  immaterial  exceptions,  entirely  his  own.  Before,  his  re« 
searches  it  would  have  been  known  only  under  the  vagoe  desig- 
nation of  a  district  of  secondary  shell  limestones  and  sandstones, 
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tnd  to  him  we  owe  the  attempt,  in  most  instances  incceAtfuIlj 
made,  to  ascertain  by  prerisc  dctermi nations  the  varioas  and 
important  members  of  this  series,  and  to  trace  them  from 
one  extremity  of  the  island  to  the  other.  In  this  enterprise 
(rafl&ciently  arduous  to  try  the  powers  and  establish  the  repu- 
tation of  any  individual  entering  upon  ground  hitherto  nn» 
trodden)  he  may  perliaps  in  some  instances  haye  suffered  a  few 
Miissions  to  escape  witlrout  detection,  and  more  rarely  have 
identified  too  hastily  beds  in  distant  parts  of  the  country  really 
beloni^ng  to  different  formations;  but  still  the  gn>at  mass  of 
hit  divisions  remains  unquestioned  and  unquestionable,  and  has 
been  adopted,  though  with  an  occasional  change  of  noinencla* 
tnrei  and  a  few  requisite  corrections,  by  all  the  geologists  who 
have  followed  his  steps,  as  well  as  in  the  present  work.  The 
carboniferous  districts  are  also  on  the  whole  represented  with  a 
•car  approach  to  correctness,  but  are  far  inferior  in  this  point 
to  those  occupied  by  the  series  last  mentioned,  and  here  there 
was  also  extant  a  greater  quantity  of  previous  materials;  the 
districts  of  old  red  sandstone,  and  those  occupied  by  the  transi* 
tioii  and  primitive  rocks,  are  very  inadequately  represented. 

Subsequently  to  the  publication  of  Mr.  Smith's  map  in 
18109  another  on  nearly  the  same  scale  was  published  by  Mr. 
Gfeenongb ;  the  execution  of  this  is  more  minute  and  delicate^ 
aad  the  details  more  exactly  laboured  ;  the  genpral  configura* 
tko  of  the  surface  of  the  country,  its  hills  and  vallies,  are  repre- 
sented with  far  more  precision  than  had  previously  been  at- 
tempted io  any  general  map  of  the  island, — points  which 
did  not  enter  into  the  construction  of  Mr.  Smith's  map ;  and 
many  of  the  imperfections  of  the  former  arc  removed :  to  this 
therefore  we  have  referred  as  a  general  standard  throughout  the 
work,  and  have  therefore  studiously  noted  every  remaining  in- 
correctness which  a  careful  collation  of  it  in  the  course  of  oar 
enquiries  with  the  materials  derived  from  subsequent  observa- 
tioQ  has  enabled  us  to  detect :  from  this  also  we  have  copied 
the  slight  outline  map  prefixed  to  this  volume,  with  a  trilling 
change  in  the  system  of  colouring  which  a  different  view  of  (he 
division  of  a  part  of  the  carboniferous  series  of  rocks  has  obliged 
as  to  introduce,  and  some  other  deviations  which  will  be  ac- 
Gonnted  for  in  the  explanation  of  the  map  and  plates. 

The  able  investigation  of  the  formations  above  the  chalk  by 
Kr.  Webster,  and  bis  comparative  views  of  their  relation  to 
Aese  similarly  situated  in  the  basin  of  Paris,  have  supplied  an 
isiportant  desideratum  in  the  history  of  our  strata ;  which  has 
been  also  still  more  largely  indebted  to  the  general  and  extent 
■ivaiesearches  of  .Professor  Buckland ;  who  has  materially  im* 
ptovM  the^  arrangement  of  Smith ;  has  been  the  first  to  cflect 
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n  combinfttloQ  between  the  progress  of  Geology  in  England  and 
on  the  continenty  by  a  distinct  and  ma&terly  survey  of  thoir 
oomparative  structure ;  and  has  first  treated  the  action  of  tbe 
diluvial  currents  with  fulness  and  precision. 
.  To  Dr.  Mac  Culloch  we  owe  our  best  information  on  the 
structure  and  phoenomena  of  the  interesting  class  of  trap  rocks 
and  of  granite^  and  the  substitution  of  a  rigorons  determination 
of  their  mineralogical  character  for  the  vague  nomenclature  and 
descriptions  so  commonly  applied  to  many  of  the  older  forroa« 
tions.  While  he  has  been  elucidating  the  geologicul  history  of 
Scotland,  that  of  Ireland  has  received  similar  contributions 
of  the  highest  merit  from  Messrs.  Weaver  and  Griffith. 
-  The  Edinburgh  school  has  to  boast  of  several  distingoished 
geological  names ;  it  is  impossible  to  mention  that  of  Play  fair 
without  the  admiration  demanded  by  a  genius  of  a  very  high 
philosophical  order,  or  that  of  Jameson  without  the  respect 
due  to  a  long  and  meritorious  career  of  labours  devoted  to  the 
advancement  of  this  science ;  but  we  cannot  but  feel  the  inju- 
rious effects  which  have  in  this  instance  been  produced  by  that 
excessive  addiction  to  theoretical  speculations,  which  has  con* 
verted  the  members  of  that  school  into  the  zealous  partisans  of 
rival  hypotheses,  and  led  them  to  contribute  far  less  than  they 
otherwise  must  have  done,  to  the  real  progress  of  inductive 
geology.  To  this  cause  wc  must  ascribe  it,  that  it  has  fallen  so 
far  behind  the  schools  of  I>ondon  and  Oxford  ;*  in  the  latter 
case  a  striking  and  satisfactory  proof  has  been  afforded  in  oppo* 
sition  to  the  misrepresentations  of  shallow  sciolists,  that  the  in- 
stitutions of  academical  education  are  far  from  unfavorable  to 
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the  cultivation  of  the  physical  sciences,  and  that  an  ignorance 
of  the  rules  of  classical  composition,  and  of  the  languages,  and 
philosophy  of  polished  antiquity,  are  by  no  means  essential  ad« 
vantages  in  researches  of  this  nature :  it  has  been  rather  seen 

quid  mens  rite,  quid  indoles 
nutrita  faustis  sub  penetralibus 
possit. 

Cambridge  has  yielded  a  similar  evidence  in  the  valuable 
memoirs  of  Messrs.  Sedgewick  and  Henslow. 

*  It  vrill  be  readily  permitted  to  the  present  writer  at  once  to  discharM 
a  debt  of  justice  ana  enter  a  gnitifjing  memorial  of  private  friendship*  Sj 
ktrt  recording  the  fact  that  we  owe  the  introduction  of  these  pursuits  Into 
the  University  above  mentioned,  to  lectures  delivered  between  1806  ia4 
1810  by  the  present  Professor  of  Chemistry  Dr.  Kidd.  His  more  private 
exertions  in  eucouraging  the  rising  talents  of  others,  and  promoting  their 
eo-operation,  were  as  successful  in  effect  as  liberal  in  design.  The  Oiford 
•chool  may  cUim  the  important  obtervations  of  Mr.  Scraogewayi  on  iht 
lUsiian  Empire  at  among  its  fniiu. 
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lo  the  abovtf  slight  and  hasty  sketch  of  the  progress  of  tliis 
studj,  we  have  been  obliged  to  pass  over  in  silence  many  less 
inportant  sources  of  information  ;  such  are  the  class  of  writers 
who  have  given  local  natural  histories ;  for  instance  Plott, 
Moreton,  Borlase,  Price,  &c.  and  writers  of  general  topo« 
graphy,  many  of  whom  hate  contributed  in  some  degree  to  the 
accnmulation  of  materials  for  English  Geology.  Among  these 
Stakeley  the  antiquary,  the  father  of  our  home  tourists,  seems  to 
have  been  intent  on  pursuing  Lister's  project  of  a  mineral  map, 
HDce  he  refers  in  his  index  to  the  particulars  he  had  collected 
as  intended  to  facilitate  such  a  design.  We  have  also  omitted 
Uuchinsoii  and  his  school  of  physico-theological  writers^  who 
ha«e  however  collected  many  important  observations;  we  have 
already  quoted  a  striking  passage  from  Catcott,  one  of  this 
school,  on  the  subject  of  denudation.  The  continental  writers 
00  this  subject  of  the  present  day,  we  have  not  endeavoured  to 
include  ;  for  it  would  be  impossible  in  so  limited  a  compass  to 
give  an  adequate  idea  of  the  labours  and  merits  of  Cuvier, 
Urongniart,  Danbuisson,  Humboldt,  Von  Buch,  Brocchi,  and  a 
long  train  of  other  observers  who  have  illustrated  this  science 
in  France,  Germany,  and  Italy :  the  Anglo  American  States 
have  also  pioduced  a  very  able  geological  observer,  Mr.  Maclure. 
The  necessity  of  (he^e  and  other  omissions  we  the  less  regret, 
as  it  is  knoHn  that  the  whole  sul}jcct  is  at  present  employing, 
the  pen  of  a  writer  who  has  shewn  his  competency  for  the  task 
by  an  able  article  connected  with  it  in  the  Edinburgh  Review 
for  1818,  to  which  (as  will  have  been  perceived)  the  present 
sketch  is  largely  indebted. 

And  here  we  cannot  conclude  this  rapid  sketch  of  the  gene- 
ral bearings  of  geological  science,  without  «ome  allusion 
(imperfect  as  from  our  limits  it  must  necessarily  be)  to  those 
bighest  interests  which  the  eager  attacks  of  an  half-informed 
scepticism,  and  sometimes  also  the  injudicious  defences  of 
those,  whose  sincerity  of  intention  ill  supplied  the  want  of  a 
precise  acquaintance  with  the  phccnomena  under  consideration, 
have  seemed  to  involve  in  the  discussions  of  this  branch  of 
phybics.  With  respect  to  the  former  class,  the  characteristic 
to  whrcb  we  have  just  alluded,  their  impatience,  namely,  to 
anil  themselves  of  the  immature  results  of  an  imperfect  know- 
ledge, opposed  as  it  is  in  every  respect  to  that  persevering  and 
vtflective  spirit  of  enquiry  which  marks  genuine  philosophy, 
and  can  alone  lead  to  the  ultimate  discovery  of  truth,  must 
treate  a' reasonable  suspicion  of  their  opinions;  for  no  sooner 
has  any  new  discovery,  whatever  might  have  been  its  subject, 
^curred,  (whether  it  was  a  fragment  of  Indian  chronologyi  or 
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ato  Egyptian  zodiac,  or  the  mechanism  of  the  uniTene,  6^  that 
of  lUing  bodies,  or  lastlj  some  new  fact  relating  to  the  stmctare 
of  the  eartli)  than  the  first  aspect  under  which  some  minds  haw 
seemed  anxious  to  view  it  has  been,  whether  it  would  not  fnr« 
nish  some  new  weapon  against  Revelation.  Whether  such  a 
mode  of  proceeding  was  more  likely  to  arise  from  a  genuine 
desire  to  remove  prejudice  and  bigotry,  or  rather  was  itself  the 
fruit  of  a  prejudiced  and  bigotted  eagerness  to  propagate  pecu- 
liar opinions,  we  do  not  feel  called  upon  to  decide.  Its  result 
is  matter  of  history,  and  it  would  perhaps  be  instractive  to  form 
a  collection  of  the  attacks  which  have  been  made  on  all  these 
eubjects,  and  the  theories  which  have  been  broached  concern* 
ing  them,  under  such  views  :  it  would  form  a  curious  monument 
of  the  aberrations  of  reason,  and  be  quite  as  humiliating  to  its 
pride  as  the  records  of  the  most  unenlightened  enthusiasm ;  no 
other  single  principle  could  perhaps  be  pointed  out,  by  which 
so  much  crude  and  absurd  speculation  would  be  brought  to-* 
gether ;  in  whatever  degree  the  physico-theological  reveries  of 
the  Hutchinsonian  school  deserved  this  character,  they  have 
been  infinitely  surpassed  in  every  respect.*  All  this,  however, 
it  may  be  justly  said,  leaves  the  real  merits  of  the  question  un» 
touched;  but  it  is  necessary,  nevertheless,  to  dissipate  the 
illusions  which  often  hover  over  it,  and  to  assist  us  in  forming 
a  fair  estimate  how  far  such  attacks  are  to  be  attributed  to  pure 
reason,  and  how  far  to  prejudice  and  passion. 

But  let  us  proceed.  Before  we  examine  the  bearings  of 
physical  science  on  Revelation,  our  ideas  should  first  be  settled 
as  to  what  may  be  reasonably  expected  from  Revelation  in  this 
respect.  Both  its  opponents  and  some  of  its  defendants  often 
argue  as  if  it  should  have  included  the  discovery  of  a  system  of 
physical  truth  ;  which  it  would  not  be  difficult  to  shew,  gives 
in  entirely  erroneous  View  of  its  professed  object ;  to  treat, 
namely,  of  the  history  of  man  only,  and  that  even  but  as  far  as 
affects  his  relations  to  his  Creator,  and  the  dealings  of  Divine 
Providence  in  regard  to  him.  To  have  made  physical  truth 
generally  the  subject  of  Revelation,  would  have  been  to  destroy 
Its  great  use,  namely,  that  its  investigation  might  form  at 

*  See  for  the  prcx)fi  of  this  not  merely  the  earlier  tbeoriet  on  many  off 
these  tubjectt  of  BufFon  and  Baillj,  and  the  notions  of  Voltaire,  but  mote 
Mecially  in  the  present  day  the  Hydrogeologie  of  Lamarck  (before  which 
old  Burnet  and  Whistcm  fade  into  sober  reason)  and  all  the  metaphyiical 
■peculations  which  load  the  first  yolume  of  the  same  author's  otherwise 
Viliiable  '  Syst^me  des  Animanx  sans  Vcrtebres.'  De  credulitate  iafi* 
Mium  would  be  the  proper  title  for  such  a  collection;  on  the  whole  the 
cavils  of  many  an  objector  might  be  cfTectually  silenced,  by  movin?  the 

Erevious  question  of  his  real  ac(j[uaintance  with  that  science  from  whence 
e  professed  to  draw  them. 
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•Bce  the  most  delightful  resoarce  and  the  moit  iii?igomtiiig 
exercise  of  those  powers  of  reason  bestowed  on  us  as  our  dii* 
tiognishiog  prerogative.  The  remark  of  the  Poet  becomes  still 
more  strikingly  just  when  applied  to  intellectual  cultifation. 


Pater  ipse  colendi 


haud  facilem  esse  viam  voluit 


curis  acuens  mortalia  corda 


nee  torpere  grayi  passus  sua  regua  Tetemo. 

And  who  would  willingly  exchange  the  play  of  mind  which 
the  task  of  invention  affords,  for  a  system  which  should  leave 
Ao  province  to  reason  beyond  learning  that  which  was  already 
pUinly  recorded  ?  did  it  not  carry  us  beyond  our  limits,  it  would 
be  easy  to  shew  how  much  of  the  interest  of  science  arises  from 
the  former  cause,  and  that,  not  only  in  the  minds  of  the  few 
who  are  gifted  to  achieve  original  discoveries,  but  of  the  many 
who  in  following  their  steps  in  some  degree,  ^  pursue  the 
triumph  and  partake  the  gale'.  Uow  little  comparative  ca- 
riosity should  we  feel  concerning  the  course  of  the  Niger,  or 
the  northern  coast  of  America,  could  they  be  as  easily  ex- 
amined as  the  Thames  and  the  Channel. 

The  general  connection  of  physical  science  will  therefore 
be  rather  with  natural  than  revealed  religion ;  for  in  the  for- 
mer the  great  problem  is,  to  trace  the  Author  of  Nature  iu 
his  works,  and  our  interest  iu  the  evidences  thus  furnished 
is  materially  (as  we  have  seen)  kept  alive  by  their  being  made 
the  matter  of  gradual  and  successive  discovery ;  so  that  the 
mind  is  continually  presented  with  fresh  proofs,  extending  as 
its  general  knowledge  extends.  Thus  this  connection  is  essen- 
tial ;  but  that  with  ReveUtion  is  incidental  only,  and  confined 
to  such  single  facts  as  happen  to  .be  mentioned  in  relation  to 
the  providential  history  of  man,  its  great  object :  difficulties 
arising  from  these,  its  advocates  are  of  course  bound  furly  to 
meet,  and  this  must  be  required  in  geology  as  in  other  cases  ; 
but  before  we  attempt  this,  we  will,  for  the  reasons  above 
stated,  cast  a  hasty  glance  at  the  relations  of  that  science  with 
Natural  Religion. 

This  important  subject  has  been  very  fully  and  ably  handled 
b  the  inaugural  lecture  published  by  Professor  Buckland,  and 
ve  feel  persuaded  that  we  cannot  pursue  a  more  satisfutory 
course  than  by  presenting  some  short  extracts  from  that  work 
to  the  reader,  desiring  at  the  same  time  to  refer  him  to  the 
original  for  a  fuller  view  of  the  whole  argument. 

*^  In  being  introdaced  then  to  a  new  kingdom  of  naturo,  we 
can  scarce  fail  to  inquire,  whether  we  shall  here  also  find  tho 
una  proofs  of  subserviency  to  final  causes^  which  are  so  strik* 
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inglf  exhibited  in  the  aniinal  and  Tegetable  creatioo.  Aa 
•the  answer  will  be  foand  In  the  affirmative.  Strch  proofij 
though,  from  the  n«tore  of  the  subject,  less  obvious  than  hi  th 
two  former  instances,  are  nevertheless  plainly  discernible  mm 
capable  of  demonstration.  To  enter  at  large  into  those  prool 
ironld  require  more  ample  space  than  f^an  now  be  devoted  I 
it,  and  presupposes  a  knowledge  of  the  subject  of  which  w 
are  but  beginniog  to  treat ;  but  some  few  may  be  briefly  alls 
ded  to. 

-'  '^^  A  great  majority  of  the  strata  having  been  formed  nnd< 
water,  and  from  materials  evidently  in  such  a  state  as  to  sol 
ject  their  arrangement  to  the  operation  of  the  laws  of  gravi 
tation;  had  no  disturbing  forces  interposed,  they  must  haf 
formed  layers  almost  regularly  horizontal,  and  therefore  it 
vesting  in  concentric  coats  the  nucleus  of  the  earth.  But  tl 
actual  position  of  these  beds  is  generally  more  or  less  incline 
to,  the  horizontal  plane,  though  often  under  an  angle  almo 
imperceptible.  By  this  arrangement  many  strata  affordii 
numerous  varieties  of  mineral  productions  are  made  to  emerf 
in  succession  on  the  surface  of  the  earth ;  whereas  the  inferii 
must  have  been  buried  for  ever  beneath  the  highest,  had  the 
position  been  strictly  horizontal;  and  in  such  case  we  shonl 
•have  wanted  that  variety  of  useful  minerals  almost  indispei 
sable  to  the  existence  of  man  in  a  state  of  civil  society,  whic 
this  succession  of  different  strata  now  presents  to  us. 

^^  In  the  whole  machinery  also  of  springs  and  rivers,  and  tl 
apparatus  that  is  kept  in  action  for  their  duration,  through  t) 
instmmentality  of  a  system  of  curiously  constracted  hills  an 
valleys,  receiving  their  supply  (tccasionallif  from  the  rains  < 
heaven,  and  treasuring  up  in  their  everlasting  storehouses  to  1 
dispensed  perpetually  by  thousands  of  never-failing  fountain! 
we  see  a  provision  not  less  striking  or  less  important.  So  all 
•in  the  adjustment  of  the  relative  quantities  of  sea  and  land  i 
.anckjdue  proportions  as  to  supply  the  earth  by  constant  evapi 
ration,  .without  diminishing  the  waters  of  the  ocean ;  and  ; 
the.  appointment  of  the  atmosphere  to  be  the  vehicle  of  tb 
wonderful  and  unceasing  circulation  ;  in  thus  separating  the 
waters  from  their  native  salt,  (which,  though  of  the  highe 
ntiiity  to  preserve  the  purity  of  the  sea,  renders  them  unfit  I 
the  support  of  terrestrial  animals  or  vegetables,)  and  tran 
mkting '  them  in  genial  showers  to  scatter  feKility  over  tl 
earth,  and  maintain  the  never«failing  reservoirs  of  those  sprioj 
and  rivers,  by.  which  it  is  again  returned  to  mix  with  its  pare) 
ocean :  in  all  these  we  find  such  undeniable  proofs  of  a  nice 
balancied  adaptation  of  means  to  ends,  of  wise  foresight  ai 
benevolent  intention  and  infinite  power,  that  he  must  be  blii 
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iiidfcd,  who  refuses  to  recognize  in  them  proofs  of  the  most 
eulled  attributes  of  the  Creator. 

*^  Another  valuable  contrivance  in  the  structure  of  the  globe 
it,  that  nearly  all  its  materials  are  such  as  to  afford  by  their 
dfcomposition  a  soil  fit  for  the  support  of  ve;;etable  life ;  and 
thit  they  are   calculated   to  undergo  and  have  undergone  a 
nperficial  decomposition.     Here  is  an  instance  of  relation  be- 
tween the  vegetable  and  mineral  kingdoms,  and  of  the  adapta- 
tion of  one  to  the  other,  which  always  implies  design  in  the 
nrest  manner :  for  had  not  the  surface  of  the  earth  been  thus 
prepared  for  their  reception,  \K'hpre  Mould  have  been  the  use 
of  all  that  admirable  system  of  organization  bestowed  upon 
fegetables  ?   And  it  is  no  small  proof  of  design  in  the  arrange- 
OKDt  of  the  materials  that  compose  the  surface  of  our  earth, 
that  whereas  the  primitive  and  granitic  rocks  are  least  calcu- 
i     lited  to  afford  a  fertile  soil,  they  are  for  the  most  part  made  to 
[     constitute  the  mountain  districts  of  the  world,  which^  from 
I    their  elevation  and  irregularities,  would  otherwise  be  but  ill 
I    sdipted  for  human  habitation  ;  whilst  the  lower  and  more  tem- 
f    perate  regions  are  usually  composed  of  derivative  or  secondary 

(strata^  in  which  the  compound  nature  of  their  ingredients  qua- 
lifies them  to  be  of  the  greatest  utility  to  mankind  by  their 
^     wbierviency  to  the  purposes  of  luxuriant  vegetation. 
'        ^'  Thus   Geology  contributes   proofs  to  Natural  Theology 
i     ttrictlj  in  harmony  with  those  derived  from  other  branches  of 
I     fittaral  history ;  and  if  it  be  allowed,  on  the  one  hand,  that 
V     tbeie  proofs  are  in  this  science  less  numerous  and  obvious,  it 
nay  be  contended,  on  the  other,  that  they  are  calculated  to 
lead  us  a  step  farther  in  our  inferences.  The  evidences  afforded 
by  the  sister  sciences  exhibit  indeed  the  most  admirable  proofs 
of  design  and  intelligence  originally  exerted  at  the  Creation : 
hot  many  who  admit  these  ]>roofs  still  doubt  the  continued 
''     nperintendance  of  that  intelligence,  maintaining  that  the  sys* 
I     tem  of  the   Universe  is  carried  on  bv  the  force  of  the  laws 
j    originally  impressed  on  matter,  without  the  necessity  of  fresh 
interference  or  continued  supervision  on  the  part  of  the  Creator. 
Soch  an  opinion  is  indeed  founded  only  on  a  verbal  fallacy; 
for  <^  laws  impressed  on  matter*'  is  an  expression,  which  can 
oily  denote  the  continued  exertion  of  the  will  of  the  Lawgiver, 
the  prime  Agent,  the  first  Mover :  still  however  the  opinion 
hii  been  entertained,  and  perhaps  it  nowhere  m(?ets  with  a 
Bwre  direct  and  palpable  refutation,  than  is  afforded  by  the 
■absenriencj  of  the  present  structure  of  the  earth*s  surface  to 
i     final  causes  ;  for  that  structure  is  evidently  the  result  of  many 
!     lod  violent  convulsions  subsequent  to  its  original  formation. 
When  therefore  we  perceive  that  the  secondary   causes  pro- 
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diicing  these  conviilsions  have  operated  at  laccelBive  periodii 
not  blindly  and  at  random,  bat  with  a  directioo  to  beoeficMl 
ends,  we  see  at  once  the  proofs  of  an  overmling  IntelUgeDoe 
continuing  to  superintend,  direct,  modify,  and  control  the 
operations  of  the  agents,  which  he  originallj  ordaiaed.* 

*  M  Examples  of  this  kind  are  perhaps  nowhere  more  strikiiigly  aflbciM 
than  in  the  instance  of  those  fractures  or  disturbances  called  faJit^  which 
occur  in  the  alternating  beds  of  coal,  slaty  clay,  and  sandstonei  which  are 
usually  associated  under  the  name  of  Coal-measures. 

^  Tne  occurrence  of  such  faults^  and  the  imclimed  /9tithm  in  which  the 
strata  composing  the  coal-measures  are  usually  laid  out,  are  facts  of  the 
highest  importance  as  connected  i^'ith  the  accessibility  of  their  mtnenl 
contents.  From  their  inclined  Aotitiom  the  thin  strata  of  coal  are  wnrkid 
with  greater  facility  than  if  they  had  been  horizonul ;  but  as  this  iacK- 
nation  has  a  tendency  to  plunge  their  lower  extremities  to  a  depth  tlot 
would  be  inaccessible,  a  series  of  faults,  or  traps,  is  interposed,  by  wUch 
ihc  component  portions  of  the  same  formation  are  arranged  in  a  icriei  of 
successive  tables,  or  stages,  rising  one  behind  another,  and  elevated  con- 
tinually upwards  towards  the  surface  from  their  lowest  points  of  deprcM 
sion.  A  similar  eflTect  is  often  produced  by  undulations  of  th^  itratt, 
which  give  the  united  advantage  of  inclined  posision  and  of  keepii^  than 
near  the  surface.  The  basin-shaped  structure,  which  so  frequently  occim 
in  coal-fields,  has  a  similar  tendency  to  produce  the  same  beneficial 
effect. 

**  But  a  still  more  important  benefit  results  from  the  occurrence  offmA 
at  fraetvret^  without  which  the  contents  of  no  deep  coal-mine  would  be 
accessible.  Had  the  strata  of  shale  and  grtt-stone  that  alternate  with  the 
beds  of  coal  been  continuously  united  without  fracture,  the  quantity  of 
water  that  would  have  penetrated  from  the  surrounding  country  into  anr 
considenble  excavations  that  might  have  been  made  in  the  porous  gnt 
beds,  would  have  been  insuperable  by  the  powers  of  the  most  improm 
machinery  t  whereas  by  the  simple  arrangement  of  a  system  of  faults,  the 
water  is  admitted  only  m  such  quantities  as  are  within  control.  Thus  the 
component  strata  of  a  coal-field  are  divided  into  numberless  insulated 
masses,  or  sheets  of  rock  of  irregular  form  and  area,  not  one  of  which  b 
continuous  in  the  same  plane  over  any  very  large  district,  but  each  is 
■eparated  from  its  next  adjacent  ma»s,  or  sheet,  by  a  dam  of  clay  impcae- 
trable  to  water,  and  filling  the  narrow  cavity  produced  by  the  fractoie 
which  caused  the  fault. 

**  If  we  suppose  a  thick  sheet  of  ice  to  be  broken  into  fragments  of 
irregular  area,  and  these  fragments  again  united  after  receiving  a  d^glR 
degree  of  irre^lar  inclination  to  the  plaue  of  the  original  sheet,  ue  united 
fragments  of  ice  will  represent  the  appearance  of  the  component  portioai 
of  the  broken  masses,  or  sheets,  of  coal-measures  we  are  describing,  whibt 
those  intervening  portions  of  more  recent  ice  by  which  they  are  hdd  tO" 
^ether,  represent  the  clay  and  rubbish  that  fill  the  faults,  and  form  die 
partition  walls  that  insulate  these  adjacent  portions  of  strata,  which  were 
originally  formed  like  the  sheet  of  ice  in  one  continuous  plane.  Thv^i  etch 
sheet  or  inclined  table  of  coal-measures  is  inclosed  by  a  system  of  mort  or 
less  vertical  walls  of  broken  clay,  derivative  from  its  argillaceous  shah 
beds  at  the  moment  in  which  the  fracture  and  dislocation  took  place:  aai 
hence  have  resulted  those  joints  and  separations,  which,  though  they  ooo^ 
sionally  interrupt  at  inconvenient  positions,  and  cut  off  suddenly  the  pr^* 
gress  of  the  coluer^  and  often  shatter  those  portions  of  the  strata  that  iifr 
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^  The  Gonsidention  also  of  the  evidences  afforded  bj  G^o- 
peal  phoeuomena  may  enable  us  to  lay  more  securely  the  very 
imdations  of  Natural  Theology,  iuasmuch  as  they  clearly 
HDt  eat  to  us  a  period  antecedent  to  the  habitable  state  of  the 
irdi,  and  consequently  antecedent  to  the  existence  of  its  in- 
immediate  contact  with  them,  yet  are  in  the  main  his  greatest  safeguard^ 
id  indeed  essential  to  his  optrrations. 

"  The  same  faults  also,  whilst  they  prevent  the  water  from  flowing  in 
jBtmrc  quantities  in  situations  where.it  would  be  iletrimental,  are  at  the 
■e  time  of  the  greatest  seryice  in  converting  it  to  purposes  of  utility,  by 
tuing  on  the  surface  a  series  of  springs  along  the  line  of  fault,  whicn 
ken  give  notice  of  the  fracture  that  n^s  taken  place  beneath. 
"  A  similar  interruption  of  continuity  in  the  masses  of  the  primitive 
du,  and  rocks  of  intermediate  age  between  these  and  the  coal-formation, 
foond  to  occur  extensively  in  the  working  of  metallic  veins.  The  vein 
often  cut  off  suddenly  by  a  fault  or  fracture  crossing  it  transversely,  and 
I  oacc  continuous  portions  are  thrown  to  a  considerable  distance  from 
ch  other.  The  line  of  fracture  is  usually  marked  by  a  wall  of  clay  con- 
tng  of  the  abraded  fragments  of  the  rock,  whose  adjacent  portions  have 
MO  thiu  dislocated.  Such  faults  are  universally  known  in  the  mines  of 
omwall  by  the  xtrmfukan,  and  they  produce  a  similar  advantage  to  those 
at  traverse  the  coal-measures  in  guaitling  the  miner  from  inuimation,  by 
scries  of  natural  dams  traversing  the  rocks  in  various  directions,  and 
lerecpting  all  communication  between  that  mass  in  which  he  is  con- 
icting  his  operations,  and  the  adjacen:  masses  on  the  other  side  of  the 
ikaaordam. 

*■  b  is  probable  that  the  greater  number  of  springs,  that  issue  from  those 
xks  which  are  unstraiificd,  are  kept  in  action  through  the  instrumen- 
dity  of  the  faults  by  which  they  are  intersected. 

"It  nay  be  added  also,  that  the  faults  of  a  coal-field,  by  interrupting  the 
Botinuity  of  the  respective  beds  of  coal,  and  causing  their  truncated  ram 

>  ibot  against  those  of  uninflammable  strata  of  sliale  or  grit,  afford  a 
routitive  which  prevents  the  ravages  of  accidental  fire  from  extending 
evood  the  area  of  that  sheet  in  which  it  may  take  its  Iveginning,  but 
nich«  without  the  intervention  of  such  a  provision,  might  lead  to  the 
cttnution  of  entire  coal-fields. 

**  k  is  impossible  to  contemplate  a  disposition  of  things  so  well  accom- 
ndated,  and  indeed  so  essential  to  the  various  uses  which  the  materials  of 
he  earth  are  calculated  to  afford  to  the  industry  of  its  inhabiunts.  and 
tn  to  the  supply  of  some  of  tlieir  first  wants,  and  entirely  to  attribute 
ich  a  syetem  to  the  blind  operation  of  fortuitous  causes.  Although  it  be 
idccd  dangerous  hastily  to  introduce  final  causes,  yet  since  it  is  evident 
bt  in  many  branches  of  physical  knowledge,  more  especially  those  which 
date  fo  all  organised  matter,  the  final  causes  of  the  subjects  with  which 
My  are  conversant  form  perhaps  that  part  of  them  which  lies  most 
bfiously  open  to  our  cognizance,  it  would  surely  be  as  unphilosophical 

>  lempie  at  the  admission  of  these  causes  when  the  general  tenor  and 
rideoce  of  the  phoenomena  naturally  suggest  them,  as  it  would  be  to 
tnduce  them  gratuitously  unsupported  uy  such  evidence.  We  may 
mly  therefore  feel  ourselves  authorised  to  view,  in  the  Geological 
nagCBicnt  above  described,  a  system  of  wise  and  benevolent  contrivances 
Mpectively  subsidiary  to  the  wants  and  comforts  of  the  future  inhabit- 
ils  of  the  globe,  and  extending  itself  onwards,  from  its  first  formation 
roogh  all  the  subsequent  revolutions  and  convulsions  that  have  affected 
e  surface  of  our  planet.** 
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bftbiUnts.  '  When  our  minds  become  thus  familiarised  with  (he 
idea  of  a  beginning  and  first  creation  of  tlie  beings  w«  see 
around  us,  the  proofs  of  design,  which  the  structure  of  thoae 
beings  affords,  carrj  with  them  a  more  forcible  conviction  of 
an  intelligent  Creator,  and  tlie  hypothesis  of  an  eternal  suc- 
cession of  causes  is  thus  at  once  removed.  We  argue  thus— it 
IS  demonstrable  from  Geology  that  there  was  a  period  when  no 
organic  beings  had  existence :  these  organic  beings  must  there- 
fore  have  had  a  beginning  subsequently  to  this  period  ;  and 
where  is  that  beginning  to  be  found,  but  in  the  will  and^o/  of 
an  intelligent  and  all-wise  Creator  ? 

^^  With  what  acuteness  of  argument,  and  what  obstinacy  of 
perseverance,  the  extraordinary  notion  of  an  eternal  succession 
was  maintained  in  ancient  times,  even  by  some  of  the  greatest 
philosophers,  it  is  quite  unnecessary  here  to  state :  and  if  some 
writers  on  Geology  in  later  times  have  professed  to  see  in  the 
earth  nothing  but  the  marks  of  an  infinite  series  of  revolutionS| 
without  the  traces  of  a  beginning  ;  it  will  be  quite  sufficient  to 
answer,  that  such  views  are  confined  to  those  writers  wh^y  hafe 
presumed  to  compose  theories  of  the  earth,  in  the  infancy  of 
the  science,  before  a  sufficient  number  of  facts  had  been  col- 
lected ;  and  that,  if  possible,  they  are  still  more  at  variance 
^ith  the  conclusions  of  Geology,  (as  a  science  founded  oa 
observation,)  than  they  are  with  those  of  Theology/' 


We  have  seen  then  that  the  evidences  of  Natural  Religion 
are  still  further  confirmed  by  the  discoveries  of  Geology,  as 
indeed  could  not  fail  to  be  the  case ;  for  every  effort  that  hu 
carried  forward  the  land-marks  of  human  knowledge,  hat  at 
the  same  time  disclosed  to  our  view  a  widening  range  of  this 
proof,  and  such  is  its  cumulative  nature  that  it  regularly  grows 
with  the  growth  and  strengthens  with  the  strength  of  tnie 
science.  Let  us  next  enquire  in  what  manner  the  observatlaoi- 
of  Geology  bear  upon  the  few  physical  facts  recorded  in  the 
writings  which  we  receive  as  inspired. 

Two  only  points  can  be  in  any  manner  implicated  la  tha- 
discu^ioiis  of  Geology. 

I.  The  Noachian  Deluge. 
II.  The  Antiquity  of  the  Earth. 

.  With  regard  to  the  first  of  these  points.  Geology,  far  fron 
affording  the  slightest  ground  to  question  the  truth  of  Che 
Mosaic  record,  brings  to  its  support  (if  that  which  rests  secorelj 
en  lis  more  appropriate  ground^ a  solid  and  immoveable  fbm^ 
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^■don  of  nooral  evidence — rati  be  &aid  io  require  or  receive 
mwrh  additional  support  from  pliysical  nrgunients)  a  strong 
collfbieral  ieftioiony. 

Without  thifl  auxiliary  evi<lpncc  it  iiiij^ht  liavo  been,  and 
indeed  often  has  beeu,  object i*d  to  tlie  fact  of  an  uoiversal 
deinge,  that  such  a  convulsion  involved  hupposed  physical  ini- 
poMihilities ;  but  oo  one  can  have  attentively  cou.siilered  the 
BOMuneDtBof  the  great  chang(*.s  with  which  (reoloi^y  makes  ui 
arquainted)*  without  at  once  perceiving  that  they  prove  tlie 
eugteoce  of  an  order  of  things,  In  which  such  convulsions  not 
only  might,  but  actually  did,  take  place.  IasI  us  af^ain  quote 
riie  wordi  of  an  author  who  huH  himself  examined  with  the 
folltst  precisioa  the  important  pha*uonit>iia  to  which  we  allude. 

'  The  geological  appearances  in  which  wc  are  entitled  to  look  for  :he 
irtfct  of  a  catastrophe  violent  and  transitory,  are  obviously  nut  those  pre- 
■ented  by  the  original  formation  •)f  tht  strata  coimtitntiiig'ihe  £ar(h')i  Mir- 
f*oe,  but  thott  connected  with  the  accidcntA  they  have  Hubsequrntlr  exf^e- 
ricQecd,  dieir  partial  destruction,  the  erosion  and  eicavation  of  tlieir  «ur- 
facf,  and  the  abpersion  of  fragments  torn  from  them,  under  the  f(»riii  td 
water-worn  pebbles,  over  the  general  face  of  the  continent!^,  lu  these  phor- 
nomeiia,  ana  the  remains  of  terrestrial  animals  buried  beneath  the«c  dobn^, 
the  gaanine  geological  evidence  of  this  ^reat  convulsion  resides,  and  not  in 
occaiieuLC  <tf  those  nuuine  remains  which  form  constituent  |urts  of  all  the 
u»  series  of  secondary  strata ;  for  the  agency  of  the  deluge  could  not  have 
bcci  to  form  these  immense  deposits  of  which  the  greater  part  of  the  E  irth'« 
cnut,  as  far  as  it  is  known,  consists.    On  the  contrary,  it  was  evidently  a* 
fir  is  it  went  a  destroying  agency,  although  limited  m  it«  efFects.    It  was 
natural  indeed  that  the  earlier  observers,  while  the  phocnomena  of  the  dis- 
tribotion  of  these  marine  remains,  and  the  depth  of  the  masses  formed  liy 
ibcB,  remained  unknown,  should  refer  them  to  this  cause ;  but  tlie»e  p«)iiiu 
bdiif  ascertained,  it  is  obvious  that  their  hypothesis  became  untCiMfilc,  for 
ht.  Had  theM  remains  tieen  brought  to  tnetr  present  situation  by  dilu- 
vial eamnts,  they  ought  to  be  mingled  confusedly  together;  we  ought  lo 
litvc  Ibond  the  same  genera  and  species  in  tlie  lowest  limestones  and  the 
l^ghMt  beds  above  the  chalk;  and  those  remains  of  land  animals  which 
sppcar  undoobcedly  to  be  diluvial,  should  have  been  mixed  an>ingst  them  ; 
1m  the  fact  is  notoriously  otherwise,  the  organic  remains  being  distributed 
iadiicinct  aiaanbla^et,  m  such  a  manner  that  each  formation  is  charac* 
tiriacd  bjr  its  peculiar  atsemblagei  without  confusion  or  intermixture.   No 
tnodtory  inuiiidation  can  account  for  the  circumstances  of  this  diitrihuiion ; 
(key  are  such  as  indicate,  beyond  the  possibility  of  reai«onable  doubt,  thai 
tbt  animals  imbedded  in  the  strata  lived  and  died  in  tlie  spots  where  they 
*n  now  fomid,  while  these  continued  for  a  long  period  under  the  waters 
sf  the  ocean;  and  that  they  were  there  buried  onder  successive  deposits 
ionacd  beneath  those  waters  during  the  progress  of  many  ages.    The  per- 
ka  Mate  of  many  of  the  most  fragile  shells  also  proves  that  they  could  not 
Wte  been  driftca  from  a  distance  by  any  violent  convulsion. 

fldly.  Tboe  is  every  reason,  as  we  have  seen,  to  ascribe  the  gravel  delirii 
ifuudinm  the  partial  destruction  of  the  strau  to  the  action  of  the  deluge ; 
^t  the  sciata  mnst  evidently  not  only  have  been  formed,  but  also  consoli- 
dittBd,  bcAirt  aolid  fragments,  such  as  conld  have  assomed  tlie  pre-ent  form 
of  the  medpebblea,  conld  have  been  torn  off  them.  Kow  it  does  not 
Mtm  wSlun  ttie  iimics  of  physical  possibility  to  ascribe  the  formation  of 
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<<  Th«  grand  fact  of  an  universal  deluge  at  no  ¥«rj  ramot* 
ptriod  is  proved  on  grounds  so  decisive  and  incontrof ertible, 
ihkiy  had  we  never  heard  of  such  an  event  from  Scriptmro,'  ar 
any  other  authority,  Geology  of  itself  must  have  called  in  the 
assistance  of  some  such  catastrophe,  to  explain  the  phcenomeiM 
of  diluvian  action  which  are  universally  presented  to  us,  and 
which  are  unintelligible  without  recourse  to  a  deluge  eaertlng 
ks  ravages  at  a  period  not  more  ancient  than  that  annonoced  in 
the  Book  of  Genesis. 

^^  it  is  highly  satisfactory  to  find  the  following  strong  atate-* 
went  on  this  subject,  published  by  one  who  deservedly  ranks 
in  the  very  first  class  of  natural  observers,  and  in  the  very 
centre  of  continental  philosophy.  ^  It  may  be  seen,'  nys 
Cnvier,  ^  that  nature  every  where  distinctly  informs  ns  that  the 
tommencement  of  the  present  order  of  tkhigs  cannot  be  dated 
ai  a  very  remote  period;  and  it  is  remarkable  that  mankind 
every  where  speak  the  same  language  with  nature.*  And  in 
another  place  he  adds,  ^  I  am  of  opinion  with  M.  Deiac  and 
M.  Dolomieu,  that  ijf  there  is  any  circumstance  tliorooghly 
established  in  Geology,  it  is  that  the  crust  of  our  globe  liM 
been  subjected  to  a  great  and  sudden'  revolution,  the  epoch  of 
which  cannot  be  dated  muck  farther  back  than  five  or  six  thoa- 
sand  years  ago ;  and  that  this  revolution  had  buried  all  the 
countries  which  were  before  inhabited  by  men  and  by  the  other 
animals  that  are  now  best  known.^  Theory  of  the  £arth, 
S  34." 


these  strata  and  their  consolidation  (a  process  which  must  have 
required  time)  to  one  and  the  same  trtmtumt  couvuision  with  their 
quent  partial  destruction:  this  argument  becomes  stronger  when  we  re* 
member  that  there  are  interposed  amon^  the  strata  themselves  many  beds 
of  similar  gravel  (for  instance  beds  consisting  of  rounded  fragmentsr  of  car- 
boniferous limestone  associated  with  the  more  recent  depKMits  of  the  tecoDd 
red  sandstone),  the  unavoidable  inference  is,  that  the  rock  wbenca  these 
pebbles  were  formed  must  in  every  instance  have  been  consolidated  before 
the  rock  containing  them  was  deposited;  yet  in  the  instance  hefote  vs  the 
deposition  of  the  conglomerate  rock  must  nave  preceded  that  of  the  lugiiert 
strata,  by  the  whole  interval  necessary  to  account  for  the  formatien  of  all 
the  constituent  beds  of  the  oolite,  sand,  and  chalk  series ;  and  all  these  again 
must  have  been  consolidated  before  they  were  exposed  to  the.  action  of  the 
deluge.  It  matters  not  whether  the  time  assigned  to  these  effects  be  com- 
paratively long  or  short ;  it  seems  manifest  that  a  single  year  must  tiavebeea 
totally  inadequate. 

Deeply  convinced  how  injurious  to  the  real  evidence  of  the  ddi^  it 
must  prove  to  minrfe  with  it  phoenomena  which  cannot,  without  violattog 
every  rule  of  physical  reasoning,  be  ascribed  to  that  convulsion;  we  have 
been  the  more  particular  in  urging  these  considerations,  and  again  most 
eaumestiy  deprecate  the  injudicious  mterference  of  advocates,  the  iincerity 
of  whose  intentions  cannot  compensate  for  the  want  of  fall  mfbm^ioa 
'concerning  the  real  state  and  essential  conditions  of  the  problem  whose  s^ 
laifioli  they  undertake. 
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The  tecood  point  io  which  the  facts  delivered  ia  the  lacred 
record  ere  brought  into  contact  with  the  deductions  of  Geology 
il,  the  Antiquity  of  the  E^rth.  It  hes  been  objected  to  the 
lathoritj  of  that  record  that  it  does  not  allow  a  sufficient  period 
for  the  successive  deposition  of  the  secondary  strata,  containing 
ai  thej  do  the  remains  of  successive  races  of  animals,  which 
appear  to  have  lived  and  died  where  they  are  now  found, 
while  the  deposits  in  which  they  are  buried  were  gradually 
sccnmalating* 

Before  proceeding  to  consider  the  force  of  this  objection,  we 
sre  first  desirous  again  to  recal  to  our  readers,  that  the  great 
labject  to  which  revelation  relates,  is  the  Providential  history  of 
lean  :  the  antiquity  of  the  human  race  is  therefore  an  essential 
feature  of  that  revelation  ;  but  the  questions  whether  any  other 
state  of  our  planet  preceded  that  in  which  it  became  the  habi- 
tition  of  intellectual  and  moral  agents,  and  if  so,  what  convul- 
liona  may  have  happened  to  It  during  that  state,  are  points  with 
which  it  has  no  direct  connection ;  a  perfect  knowledge  of  these 
Oioid  have  furnished  no  topics  calculated  either  to  awaken  the 
•iBmberingy  or  to  reassure  the  penitent,  conscience. 

Now  with  regard  to  the  antiquity  of  the  human  race,  the 
conclusions  deducible  from  geological  reasoning  appear  strictly 
ia  accordance  with  the  declarations  of  Revelation,  no  human 
remuDS  having,  yet  been  found  excepting  in  beds  of  uudoubt- 
•dfy^very  little  antiquity.* 

With  regard  to  the  time  requisite  for  the  formation  of  the 
lecondary  streta,  we  have  the  choice  of  the  following  hy- 
pothesis. 

1st.  If  we  adhere  to  the  common  interpretation  of  the 
periods  of  creation  as  having  been  literally  days  of  twenty-four 
boiursy  and  refuse  to  admit  the  existence  of  another  order  of 
things  previous  to  that  recorded  by  the  inspired  writer,  we 
might  still  perhaps  find  a  sufficient  space  of  time  for  the  pur- 
poses required  in  the  interval  between  the  creation  as  thus 
iimited|  and  the  deluge.  Upon  this  hypothesis  we  must  sup- 
pose the  present  continents  (in  the  greater  part  of  their  extent) 
to  have  been  included  in  the  channel  of  the  primitive  ocean, 
snd  to  have  gradually  emerged  thence  during  this  period,  be- 
coming occupied,  as  they  appeared,  by  the  land  animals  whose 
remains  we  find  among  the  diluvial  gravel ;  the  primitive  con- 
tinents may  upon  this  supposition  either  have  been  limited  por- 

*  It  may  be  enquired  why  we  have  not  met  with  human  remains  in  the 
diluvial  gravel  I  to  this  it  may  be  answered  that  there  appears  little  rcsson 
to  conclude  from  the  sacred  narrative  that  the  antidtluvian  population 
had  become  numerous,  and  that  it  appears  to  have  been  concentrated  iu 
countries  which  have  nut  as  yet  receiveid  e&aminaiiou. 
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ttons  of  the  present  (such  as  prt;s«*nt  no  secondary  rocks),  for 
It  ^6t  it  seems  evident  that  a  limited  space  only  wolrld  M 
r^iitsite ;  or  if  more  extensive,  they  may  hate  been  sabmergcd 
in  whole  or  In  psrf,*  dnrmg  those  great  convulsions  wMdi 
icoompanied  the  deluge. 

-  Or  secondly,  We  iiNiy  perhaps  without  real  violence  to  tM 
4nBpired  writer,  regard  the  periods  of  the  creation  recdrded  1^ 
Mosis  and  expressed  under  the  term  of  days,  not  to  baW  i0» 
signaled  ordinarj'  days  of  twenty-four  hours,  but  (yefldds  Of 
tlefinrte  but  considerable  length ;  such  a  mode  of  extending 
the  signification  of  this  term  being  not  unexampled  lii  otfier 
farts  of  the  Sacred  writings.  Those  who  embrace  this  epiiiiM 
will  of  course  assign  the  formation  of  the  secondary  strata,  fft 
"great  paK  at  leatit  to  these  Daifs  of  creation  ;  aiid  we  hive  th^ 
-duthofvty  of  several  divines  in  favor  of  such  an  interpretation. 

Or  thirdly,  It  does  not  seem  inconsistent  with  the  authority 
M  tlie  sacred  historian  to  suppose  that  after  recording  in  iStik 
itttsi  sentence  of  Genesis  the  fundamental  fact  of  the  onghiiA 
formation  of  all  things  by  the  will  of  an  intelligent  CrentOTj  he 
may  pass,  sub  silentio,  some  intermediate  state  whose  rvM 
formed  the  chaotic  mass  he  proceeds  to  describe,  and  «at  of 
lihich,  according  to  his  farther  narrative,  the  present  order  oC 
^etff  portion  of  the  universe  was  educed  ;  upon  this  snpposkilift 
-fhe  former  world  whose  remains  we  explore  may  have  betortged 
to  this  iuterniediate  ;era. 

It  d6es  not  become  us  to  propose  hypotheses  of  soch  ii  nature 
-with  any  feeling  of  confidence.  It  is  amply  sufficient  for  oor 
purpose  to  shew  that  there  exists  more  than  one  mode  by  whidi 
the  appearances  presented  by  (he  structure  of  the  globe  may  be 
satisfactorily  reconciled  to  the  facts  recorded  by  MoSes,  in 
Order  to  remove  the  objection  which  has  been  drawn  from 
them  :  other  hypotheses  tending  to  the  same  effect  may  perha|>s 
•presiMit  themselves  to  other  minds.  They  who  have  experienced 
the  limits  which  so  soon  present  themselves  to  all  the  researches 
-of  hmnan  philosophy  (limits  which  will  ever  be  the  most  dis* 
-'tinctly  recognised  by  those  who  are  able  to  cast  the  most  oom- 
•jP^henSive  survey  over  its  whole  field,  2.:r<l  who  have  approached 
"the  utmost  boundary  most  nearly)  will  ever  be  content  to 
cequiesce  in  what  has  well  been  ternu'd  ^^ a learnedign&rance^ 
On  maiiy  subjects;  while  at  the  sani"  time  attriboltng  a  dvie 
iveight  to  moral  evidence  on  the  one  h;  nd,  and  physical  evi^ 

♦  The  notice  with  regaid  to  the  rtvert  (lowii^jr  from  Edexr  ap|i^af  to 
indicate  at  least  a  partial  identity  between  the  autidiluvian  and  poftdiloviaa 
dMHrnents ;  hut  this  ar^micnt  is  pcrhajM  not  decisive,  since  tlie  names  in 
^uesiton  may  perhaps  (as  is  cmnm'>n  in  the  appell<)tivcs  of  coiuitries)  ijave 
been  generic  terms;  tlic  whole  context,  liowcrcr,  certaiiily  fawrs  the  for- 
XDer  idcA. 
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I  the  other,  they  will  be  far  indeed  renoved  from  a 
md  cheerless  scepticism.  * 

i  true  state  of  the  question  respecting  the  difficvltics  that  arise 
xriods  of  time  in  wnich  the  creation  is  said  to  haTe  taloen  place, 
et  forth  with  much  ability  and  foimess  by  Mr.  Sumner,  a  oiviiie 
onaJ  and  sober  piety  no  person  will  Tcnture  to  dispute,  uid  whose 

work  on  the  Records  of  Creation,  from  its  originality  of  tea* 
curacy  of  arg^ument,  and  elegance  of  writing,  ranks  amoqgit  the 
productions  of  the  present  day.* 

curious  information  as  to  the  structure  of  the  Earth  ought  not,"* 
to  be  expected  by  any  one  acquainted  with  the  g^eneral  chanctcr 
saic  records.  There  is  nothing  in  them  to  gratify  the  curiosi^ 
the  researches  of  mankind,  when  brought  in  the  progress  of  cuU 
>  calculate  the  motions  of  the  heaTenir  bodies,  or  speculate  on 
ion  of  the  globe.   The  expressions  of  Moses  are  evidcBdy  accom- 

0  the  first  and  familiar  notions  derived  from  the  sensible  appear- 
be  earth  and  heaTcns;  and  the  absurdity  of  sopposbiff  that  the 
rpeution  of  tenns  in  scripture  ought  to  interfere  with  philoso* 
uiry,  would  have  been  as  generally  forgott^  as  renounced,  if  the 
( of  Galileo  had  not  founa  a  place  in  history.  The  conc^wioni, 
y  be  lo  called,  of  believers  in  Revelation  on  this  point  have  been 
lunerated  by  the  sublime  discoveries  as  to  the  prospcctivt  wisdom 
ator,  which  have  been  gradually  unfolded  oy  the  progressive 
ents  in  astronomical  kn^ledge.    We  may  trust  witii  rae  same 

1  as  to  any  future  results  from  Geology,  if  this  science  should 
ts  Newton,  and  break  throoffh  the  various  obrtades  peculiar  to 
r,  which  have  hitherto  precluded  any  general  solution  of  its 
and  opposite  phenomena.  ** 

following  up  these  general  remarks  with  a  more  detailed  ex* 
f  the  harmony  which  subsists  between  the  luts  observable  in  the 
jf  the  earth,  and  a  fair  and  liberal  interpretation  of  the  Mosaic 
f  the  creation,  Mr.  Sumner  concludes  his  statement  with  the 
satisfactory  result  of  his  investigations. 

that  1  am  concerned  to  establish  is  the  unreasonableness  of 
that  Geological  discoveries,  so  fir  as  they  have  hitherto  pro* 
e  hostile  to  the  Mosaic  account  of  the  creation.  No  rattonal 
would  attempt  to  describe,  either  from  the  brief  narration  in 

otherwise,  the  process  by  which  our  system  was  brought  from 
into  a  regiilar  and  habitaole  state.     No  rational  theologian  will 
hostility  against  any  theory,  which,  acknowledging  the  agency 
ator,  only  attempts  to  point  out  the  secondary  instruments  he 
jfed.     It  may  be  safely  affirmed,  that  no  Geological  theory  has 
iroposed,  which  is  not  less  reconcileable  to  ascertained  luts  and 
:  pnencmena,  than  to  the  Mosaic  history, 
irding  to  that  history,  we  are  bound  to  admit,  that  only  one 
struction  or  revolution  of  the  globe  has  taken  place  since  the 
that  creation  which  Moses  reconis,  and  of  which  Adam  end  Eve 
irst  inhabitauts.    The  certainty  of  one  event  of  that  kind  would 
rm  the  discoveries  of  geologers,  even  if  it  were  not  declared  by 
historian.     Bmt  we  are  m§i  eaUed  mfum  U  dmy  tks  fl^sHU  ntUtemtt  tf 
rUi^  frem  the  wreck  of  whisk  iir  gUhe  too/  orgmmiiudf  and  ike  rmhu  9f 
IS IV  Jitritts^Mg  9MtteT  iS  sw  ttPwnt^    Tne  DCliBf  Hi 'IMf^'eSMNMw 
onsisteiK  wttk  ratioiial  prebaWmy,  end  sonwwhei  MMiHMi  ^ 
eries  of  Astronomy,  M  te  the  ^Hitlfty  eT  WmlJi.***  Uumfc 
I,  vol.  8.  p.  956. 
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Chapter  V.    Plastic  Clay. 
Section  I.      General  view,  a  to  A;,  as  before. 
Sectioii  II.    Local  details ;  a.  neighbourhood  of  Reading ;  b.  of 

London ;  c.  Newhaven ;  d.  Dorsetshire ;  6.  Isle 

off  Wight. 
itpfwmdii      Qb  the  formations  above  the  Chalk  in  Uncolnshire 

ad  Yorkshire. 


gb  the  press  it  was  not  intended  to  enter  •#  miich  into  detiH 
i  Organic  remains  contained  in  the  Tarioas  formationi)  8o.ftnr 

is  intended  to  give  additional  lists  embracing  the  igntM 
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LONDON  CLAY. 

Shells  Univaltss. 
Tubular  Univaives.    AnneUda  of  Lamarck. 
Serpula  crassa.     S.  x!U.     Highgate. 
De/i/alrtf/fi  incrassatum.  $»lxxix.  f.  3 & 4. Richmond, 
striatum.     S*  Ixx.  f.  4.     Hordwell. 
eiitale.     S.  lu.  f.  3.  ibid, 

nitens.    S.  Ixx.  f.  1  ^  9.     Highgate. 

Spiral  Unhatves  Chambered. 
Nummuliies*    Stnbbington. 
Naaiikts  troperialis.     1 .  u.     Richmond. 

centralis.     1.  b.     Highgate. 

ziczac.         l.b.     ibid. 
Ammonites  acntus.     xvii.  f.  1 .     Minstercltff. 


Not  Chambered. 
Sereqjhs  conTolutas.  cclxxxri.  BuUa  sopita.  Brand. 
Cyprtea  oTiformis.    8.  iv.  f.  1 — 4.     Highgiate. 
pediculus.     6eol.  Trans,  vol.ii.  p.M4. 
Conus  donritor.     ccci.  Bart. 

concinnus.  cccii.  ibid, 

scabricnlus.  ccciii.  ibid. 

TerebeUum  fusi forme,  cclxxxrii.     ibid. 
Auricula  simulata.     clxiii.  f.  5 — 8. 

torgida.     clxiii.  f.  4. 
Valuta  luctator.    S.  cxv.  f.  l.>  Strombns  luctal. 
spinosa.     cxt.  f.  S.      )         Brand. 
ambigna.     cxv.  f.  5.     V,  ambigua.  Brand* 
costata.    ccxc.    Bart. 
magomm.    ccxc     Bart. 
OUoa  Branderi.    cclxxxviii.     V.  Ispidula. 

Salislmriana,    ccbcxxviii. 
^nci/Za  avenlfomiis,    S.  xcix.    FoAi^a  angfica  ? 

Lin.  Trans.  toL  rii;  f.  1.    Barton 
tarritella    xcix.  ibid. 


vrell. 
gbgate. 

ighgate. 


:on. 

!. 

I. 

m. 

I. 

.  ?04, 

»n. 


[1. 

chmoiid. 

1. 

I. 

isambaj. 

I 

sulcata. 
Brand. 

hurst. 


PLASTIC  CLAY. 

Unitaltes. 
Infundilmlum  echinatum.  S.  xcTii.  fig.%.  PluuM 
Murex  latos.    S.  xxii.  ibid, 

gradatus.     cxcix.  fig.  8.  ibid. 

rugosuB.     cxcix.  fig.  l.f.  ibid* 

Ceritkium  funiculatum.  cxivii.  f.1.9.  ibid, 
intermedium,   cxivti.  fig.  3.4.  Cha 
melanioides.  cxivii.  fig.  8,  7.  Ibid 

of  Wigh 
Turntella, 
Planovbis  hemistoma.     cxl.  fig.  6.     Plumste 

BifALVES. 

Ostrea  pulcra.     cclxxix.     Bromley. 

toner,     cclii.  fig.  3.  3. 
Pectanculun  Plamstediensis.     xxTii.  f.  S. 
Cnrdium  Plumstedianum.     xi?. 
My  a  plana.     Ixxvi.  fig.  3. 
Cytherea, 
CycUs  cuneifonnis.     clxii.  fig.  2.  3.     Plumst 

deperdita.     clxii.  ^g,  I.  ibid. 

obovata.     clxii.  fig.  4  to  6.        ibid. 

The  sand  at  the  bottom  of  this  formation  i 
contains  shells,  but  at  FcTenham  in  Rent,  till 
casts  of  CucuUeea  decussata,  S.  ccti.  and  I 
canreua  hare  been  obserred. 
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Chap.  I.    PaBLiMiNAaT^* 

Sfetioa  I.    A.   General  view  of  the  highest  and  mort  receni 

deposits, 

(a)  AUuoiaL    In  delivering,  according  to  the  plan  proposed 
In  tlui  introduction,  an  account  of  the  Geological  situation  of 
England,  and  tracing  the  dispositicHi  of  the  materials  which  con^ 
ttitnte  its  mineral  masses,  following  the  order  of  that  disposi-i 
tioa  in  descending  from  the  formations  which  occupy  the  highest 
place  in  the  series  and  are  therefore  of  the  most  recent  origin, 
to  those  which  serve  as  the  basis  to  all  the  rest  and  must  there- 
ton  have  been  formed  at  the  earliest  period ;  the  first  dis« 
fiaction  which  claims  our  attention,  is  that  between  those 
fcraiations  which  result  from  causes  still  in  operation  and  which 
ictnallj  proceed  under  our  own  observation,  and  those  which 
Vive  proceeded  from  a  former  and  difi*erent  order  of  things^ 
The  former,  which  of  course  where  they  occur  must  occupy  a 
position  superior  to  all  other  formations,  are  however  of  very 
Ibnited  extent ;  they  consist  in  the  accumulation  of  sand  and 
duagle  along  the  sea  coast  and  particularly  in  estuaries ;  in  the 
bnaation  of  new  lands  on  the  banks  of  rivers  and  lakes  by  the 
tUafial  depositions  they  carry  down,  assisted  by-  the  growth  of 
ifiatic  plants  ;  in  the  growth  and  increase  of  tracts  of  marsh- 
had,  from  the  cause  last  specified ;   in  the  accretion  of  tkU 
Anooi  tuiia  from  the  deposits  of  springs  running  through  lime« 
tea  rocks  and  the  like.    These  formations  appear  to  have 
litcceded  uninterruptedly,  as  at  present,  from  the  period 
^dttii  oar  continents  aasumed  their  present  form,  and  the  aptual 
*l>tem  of  what  may  be  called  geological  causes  began  to  opo* 


*  B^  the  Rev.  W.  D.  Conjbeare,  FJI.S.  &o. 
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rate;  tk^)-:-will  of  course  constitute  the  first  term  of  onr 
geological  division^  and  may  be  conveniently  designated  bj 
the  term.  Alluvial. 

Xh^l*  products  of  active  volcanos,  though  of  so  different  an 
origiDy  will  of  course  be  referable  to  the  same  aera,  but  of  these 
id' treating  of  this  country  it  is  unnecessary  to  speak. 

(6)  Diluvial,  Next  in  order  to  these,  we  find  a  mantle  ai 
it  were  of  sand  and  gravel  indifferently  covering  all  the  soli^ 
strata,  and  evidently  derived  from  some  convulsion  which  luu 
lacerated  and  partially  broken  up  those  strata,  inasmuch  as  iti 
materials  are  demonstratively  fragments  of  the  subjacent  rockt 
rounded  by  attrition.  The  fragmented  rocks  constituting  theM 
gravel  deposits  are  heaped  confusedly  together,  but  still  in  sucl 
a  manner  that  the  fragments  of* any  particular  rock  will  be  foum 
most  abundantly  in  the  gravel  of  those  districts,  where  th( 
parent  rock  itself  appears  in  sffu  among  the  strata.  In  thes4 
deposits,  and  almost  in  these  alone,  tht*  remains  of  numeroa 
land  animals  are  found,  many  of  them  belonging  to  extinc 
species,  and  many  others  no  longer  indigenous  to  the  comitrie 
where  their  skeletons  are  thus  discovered. 

Between  these  accumulations  of  fragmented  rocks  and  th 
vallies  traversing  the  present  surface  of  the  earth,  there  clearl; 
exists  a  close  relation  ;  that,  namely,  between  the  breache 
which  have  been  opened  in  the  ruined  strata,  and  the  material 
which  have  been  removed  from  those  breaches.  The  sam 
causes  that  have  excavated  the  one,  have  heaped  up  the  other 
and  these  causes  have  evidently  (as  appears  from  a  genen 
examination  of  the  phenomena)* acted  at  once  on  all  the  strati 
and  at  a  period  subsequent  to  their  original  formation  and  con 
Bolidation  :  hence  they  must  be  assigned  to  the  last  violent  an> 
general  catastrophe  which  the  earth's  surface  has  undergone 
whatever  has  occurred  since  being  either  the  quiet  action  < 
causes  still  continuing  to  operate,  or  convulsions,  violent  k 
deed,  but  of  very  limited  and  local  extent. 
.  It  has  therefore,  from  the  most  probable  views  concemin 
the  nature  of  this  great  catastrophe,  been  proposed  to  designal 
these  formations,  which  naturally  constitute  the  second  ten 
of  our  geological  series.  Diluvial. 

A  strict  adherence  to  the  method  of  treating  the  formatioi 
regularly  according  to  a  descending  series,  would  natural! 
lead  us  to  detail  the  several  facts,  I.  connected  with  the  alh 
vial  formations,  II.  connected  with  the  diluvial  formation! 
but  many  circumstances  concur  to  render  it  advisable  to  sepi 
rate  the  history  of  these  posterior  formations,  from  that  of  tfc 
regular  series  of  strata  which  they  cover.  The  history  of  tli 
diluvial  fragments  of  the  pre-existing  strata^  could  scarcely  ii 
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deed  be  rendered  intelligible  nntil  some  acqnaintance  with 
the  parent  strata  themselves  had  been  acquired  ;  we  shalL 
therefore  refer  the  fuller  consideration  of  these  subjects  to  an 
Appendix ;  and  contenting  ourselves  for  the  present  with  the 
abo?e  remarks,  proceed  at  once  to  the  history  of  the  regular 
strata. 

(c)    Regular  Strata  and  their  division.    These  regular  strata 
consist,  as  has  been  observed  in  the  introduction,  of  various 
heds  of  sand,  clay,  limestone,  and  other  mineral  substances ; 
deposited,  as  is  evident  from  the  exuvise  of  marine  animals 
contained  in  nearly  all  of  them  (with  the  exception  of  the 
rocks  constituting  the  lowest  and  earliest  group),  at  the  bot- 
tom of  the  ocean ;   superimposed  on  one  another  in  regular 
order,   and  making  their  appearance  on  the  surface  of  the 
earth,  by  emerging  in  succession  from  beneath  one  another  as 
the  line  of  that  surface  cuts  the  planes  of  their  stratification, 
which  are  seldom  strictly  horizontal,  although  in  the  more 
recent  rocks  they  approach  very  nearly  to  such  a  position  ;  but 
hthe  older  an  approach  to  a  vertical  position  is  very  frequent. 
In  treating  of  these  strata,  the  immense  number  of  the 
individoal  beds  might  seem  at  first  to  defy  the  powers  of 
ennmeration  or  examination,  but  we  shall  soon  find  that  these 
individual  beds  naturally  form  themselves  into  assemblages  of 
limilar  strata;  e.g.  we  shall  find  50  or  100  beds  of  chalk 
ilteniating  with  the  same  number  of  flint,  and  thus  constituting 
1  single  though  compound  whole.     Several  even  of  these  com- 
pounded assemblages  which   occupy  a  neighbouring  position 
vill  also  be  found  to  possess  so  many  points  of  common  analogy 
with  ooe  another,  that  it  will  be  convenieixt,  by  a  further  com- 
position, to  constitute  still  more  general  classes  for  their  re- 
ception.    By  this  process,  the  alniost  infinite  extent  of  the 
fitbject  becomes  reduced  within  manageable  limits ;  the  grand 
divisioiis  thus  obtained  form  thelahdniarts  that  guide  us  in 
the  enquiry,  and  simplify  and  generalise  without  confounding 
oar  conceptions.     Assuming  these  divisions  then,  it  will  be  the 
object  of  the  following  pages,  inverting  the  above  process,  to 
snalyse  each  of  them  into  its  most  essential  elements,  that  the 
accuracy  of  particular,  may  be  added  to  the   simplicity  of 
general,  knowledge. 

The  great  range  of  Chalk  hills  extending  through  the  island 
from  Yorkshire  to  Dorsetshire,  is  so  prominent  a  feature,  na- 
tirally,  as  well  as  geologically,  of  its  surface,  that  it  forms  a 
iiH)tt  convenient  line  of  demarcation ;  and  the  relations  of  the 
deposits  which  occur  reposing  upon  the  chalk,  and  occupymg 
^^  areas  circnmscribed  by  It,  are  such  that  they  naturally 
'orm  themselves  into  one  of  the  grand  divisions  above  alluded 
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to ;  this  division  will  comprise  the  highest  in  the  Engiiih 
series  of  regular  strata,*  and  therefore  occnpj  the  first  place  in 
oar  arrangement. 

Section  II.     Siraia  above  the  ChalkA 

(a)  Nature  and  extent.  These  consist  of  yarious  heds  of 
aand,  clay,  marie,  and  imperfectly  consolidated  limestone. 
They  occupy  two  extensive  tracts,  each  circumscribed  by  the 
hills  of  the  chalk  formation,  excepting  where  the  line  of  sea 
coast  traverses  their  areas  and  conceals  their  continuation. 

Since  the  chalk  formation,  dipping  on  all  sides  though  ge- 
nerally at  a  scarcely  perceptible  angle  beneath  these  forma* 
lions,  forms,  when  viewed  on  the  large  scale,  concave  areas  ia 
which  they  have  been  deposited,  those  areas  have  been  de- 
nominated basins ;  but  it  must  not  be  inferred  from  this  tern 
that  the  chalky  edge  of  the  basin  can  be  traced  completelj 
round,  since  the  interference  of  the  line  of  .coast  prevents  this* 
The  most  northerly  of  these  basins  has  been  denominated  that 
of  London,  from  its  including  the  metropolis ;  the  southen 
that  of  the  Isle  of  Wight,  because  the  northern  portion  of 
that  island  falls  within  it. 

*  No  superior  or  more  recent  regular  formations  are  known  to  ezi«t  a 
any  part  of  the  earth  yet  examined,  with  the  exception  of  some  trap  rocki 
probably  of  volcanic  origin. 

'  f  The  earliest  published  account  which  conveys  any  distinct  informatioii 
of  these  strata,  is  a  series  of  papers  by  Mr.  Middleton  on  the  Mineral  Strata 
of  Great  Britain,  inserted  in  the  Monthly  Magazine  for  October  1819  aod 
following  months;  which,  although  not  written  in  scientific  language^ and 
containing  some  inaccuracies,  vet  possesses  very  considerable  merit.  He 
rightly  enumerates  the  beds  above  the  chalk  in  the  following  order:  1. 
Vegetable  mould ;  2  and  3.  Brick  earth  and  shells,  sand,  and  gravel,  (the 
upper  marine  formation  of  this  volume)  ;  4.  London  clay ;  5.  Shells,  peb* 
bles,  sand,  and  pipe  clay  containing  wood  coal  occasionaUy,  and  resting  on 
the  white  sand  wnich  covers  the  cnalk  (our  plastic  clay  formation).  Tbe 
account  given  of  each  of  those  beds,  though  short,  exhibits  fairly  all  the 
most  striking  features  and  localities,  and  requires  correction  in  very  few 
instances. 

Mr.  Webster's  interesting  discovery  however  of  the  alternation  of  fresh- 
water formations  with  those  of  marine  origin,  thus  establishing  the  perfect 
analogy  of  the  French  and  English  series,  and  the  more  scientinc  character 
of  his  memoir,  have  undoubtedly  given  to  his  name  a  just  precedenct 
amongst  the  observers  of  these  formations ;  and  his  materials  were  com* 
pleted  long  before  the  publication  of  Mr.  Middleton's  paper.  Each  indeed 
appears  to  have  been  perfectly  unacquainied  with  the  researches  of  the 
other. 

Subsequently,  Mr.  Buckland  has  completed  the  history  of  the  lower 
members  of  these  formations ;  but  wc  still  remain  without  any  parttcniar 
memoir  on  the  upper  members  as  they  appear  in  Sufiblk,  and  round  Bag^ 
shot ;  Mr.  Warburton  however  is  understood  feo  be  engaged  in  supplying^ 
this  deficiency.' 
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The  boundarj  of  the  first  of  these  basins  may  be  stated 
laertllj  as  a  line  running  from  the  inner  edge  of  the  chalk 
fonth  of  Flamboroogh  Head  in  Yorkshire  nearly  south  till  it 
crosses  the  Wash,  then  south-west  to  the  upper  part  of  tht 
mlley  of  the  river  Kennet  near  llungerford  in  Wiltshire,  and 
Ihe&ce  tending  south-east  to  the  north  of  the  Thames  and  the 
)orth-w(»t  angle  of  the  Isle  of  Thanet :  in  all  these  directions 
he  bounding  line  is  formed  by  the  chalk  hills;  on  the  east  side 
iie  boundary  is  the  coast  of  the  German  ocean. 

The  boundaries  of  the  Isle  of  Wight  basin  may  be  generally 
ittigned  by  the  following  four  points :  on  the  north,  a  few 
Biles  Sfuth  of  Winchester;  on  the  south,  a  little  north  of 
^•risbrook  in  the  Isle  of  Wiglit ;  on  the  east,  Brighton ;  and 
n  the  west,  Dorchester.  It  is  every  where  circumscribed  by 
lulk  hills,  excepting  where  broken  into  by  the  channel  be- 
ween  the  Isle  of  Wight  and  the  main  land. 

(b)  Subdivisions.  The  nature  of  the  beds  occupying  these 
reas,  has  before  been  generally  stated  ;  we  have  now  to  coo* 
ider  them  more  attentively  in  the  detail ;  in  doing  this  we  shall 
nd  the  occurrence  of  a  very  thick  bed,  or  rather  formation  of 
lay,  marked  by  peculiar  fossils,  near  the  middle  of  the  series^ 
» afford  a  very  convenient  division.  This  bed  has  been  called 
le  London  clay,  as  forming  the  substratum  of  the  metropolis, 
be  beds  above  this  are  remarkably  distinguished  by  the  . 
(reement  of  the  greater  part  of  the  shells  they  contain,  with 
toae  still  existing  in  the  adjacent  seas ;  three-fourths  of  the  X 
nils  exhibiting  this  agreement,  while  scarcely  one-fourth  of 
oae  la  the  London  clay,  and  still  fewer  in  the  lower  strata^ 
a  be  referred  to  such  originals^^  Moreover  it  is  in  this  upper 
irt  of  the  series  in  the  Isle  of  Wight,  that  that  most  import 
nt  phenomenon,  the  alternation  of  beds  containing  the  shells 
•caliar  to  fresh  water  with  those  of  marine  origin,  occurs : 
ace  the  following  subdivisions  of  the  strata  above  the  chalk 
ill  naturally  result. 

^    above  the  London  clav  V'  Upper  marine  formations. 

'   f  2.  Freshwater  formations. 

jm  (S.  The  London  Clay. 

" ^4.  Plastic  clay  and  sand  be- 
tween tlie  London  clay  and 
the  chalk. 

As  a  farther  proof  of  the  propriety  of  this  division,  it  de- 
rres  attention  tliat  in  the  Isle  of  Wight,  where  a  great  con- 
iliion  has  elevated  the  chalk  into  a  vertical  position,  the 
ondon  clay  has  been  similarly  affected ;  while  the  upper 
rata  are  placed  horizontally  over  those,  and  have  been  un- 
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disturbed,  'which  clearlj  indicates   that  an   interval  elated 
between  the  two  formations. 

(c)  Analagous  formations  in  other  countries.  Before  pro- 
ceeding to  consider  these  subdivisions,  a  few  Mords  may  be 
added  on  the  general  extent  of  formations  of  this  aera  in  Europe. 

They  may  generally  be  recognised  at  once  from  the  loose 
and  unconsolidated  state  of  the  beds  composing  them,  from 
the  greater  abundance  and  variety  of  their  fossil  shells,  especi- 
ally miivalves,  and  from  the  high  state  of  preservation  of  those 
remains  ;  which,  being  seldom  in  any  degree  mineralized,  have 
undergone  no  further  changi^  tlian  the  loss  of  their  colouring 
matter,  and  perhaps  of  part  of  their  animal  matter  and  phos- 
phoric acid,  and  might  often  be  mistaken  for  recent  shells. 
•  The  extensive  tract  called  the  basin  of  Paris,  exhibits  a  close 
conformity  to  that  of  the  Isle  of  Wight,  as  will  be  hereafter 
pointed  out,  both  in  tlie  fresh-water  and  marine  formations;  an 
exact  coincidence  being  ob!>ervable  in  the  shells  of  both  dis- 
tricts. 

Another  similar  tract  of  fresh-water  and  marine  formations 
occurs  in  the  south-w<  st  of  France  surrounding  A  gen  (depart- 
ment I-iOt  et  Garonne)  ;  and  hence  these  modern  beds  stretch 
to  the  very  foot  of  t!ie  Pyrenees  to  Fau  on  the  south-west,  and 
Carcassone  on  the  south-east.  There  is  yet  another  of  these 
recent  districts  near  Aix  (Bouches  du  Rhone),  where  fish  re- 
sembling those  of  Monte  Bole  a  are  found. 

On  the  north-east,  the  beds  above  the  chalk  range  from  near 
Calais  through  the  Netherlands  to  Aix  la  Chapelle  ;  at  Cassel, 
Brussels,  Maestricht,  and  Aix,  great  deposits  of  their  shells 
may  be  seen,  but  these  differ  considerably  from  those  of  the 
l!<nglish  series ;  and  the  Maestricht  beds  appear  to  be  older, 
and  approach  more  nearly  to  the  age  of  the  chalk. 

The  north  of  Germany,  to  some  distance  from  the  shores  of 
the  Baltic,  seems  occupied  by  these  formations  ;  they  are  how- 
ever generally  concealed  by  an  immense  accumulation  of  di- 
luvial debris ;  but  near  the  lake  Swerin  in  Mecklenburg, 
deposits  of  shells  are  found  which  must  be  referred  to  this 
class ;  and  the  gypsum  of  Luneburg,  close  to  which  a  chalk  pit 
is  opened,  must  belong  to  the  same  formation  with  that  of  the 
basin  of  Paris. 

Along  the  course  of  the  Rhine,  near  its  junction  with  the 
Maine,  fresh-water  and  marine  beds  of  the  same  class  are  found. 

In  the  great  valley  of  Switzerland,  and  especially  near  the 
lake  of  Constance,  similar  formations  occur,  and  Professor 
Buckland  has  discovered  that  the  Nagleilue  of  that  district, 
which  often  forms  considerable  mountains,  is  a  conglomerate  of 
the  ^ame  age.     These  recent  formations  stretch  thnmgh  the 
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whole  sabalpine  valley  to  Vienna,  and  may  be  traced  in  Hun- 
gary and  Moravia  in  detached  localities. 

In  Italy,  formations  of  the  same  age  constitute  the  subappenino 
hills  occupying  the  wide  expanse  of  the  valley  of  the  Po,  and 
thence  forming  a  zone  skirting  the  shores  of  the  Adriatic  even 
to  the  point  of  Otranto;  on  the  west  side  of  the  Appenines 
they  occur  less  extensively,  being  very  generally  covered  by 
the  products  of  the  volcanoes  which  have  ravaged  that  side  of 
Italy ;  they  may  however  be  traced  in  the   Val  d'Amo,  in 
Rome  itself  mingled  with  volcanic   product«i,    and    in  other 
places.     The  description  of  the  Italian  formations  agrees  very 
closely  with  that  of  the  basin  of  Loudon,  but  there  is  often    > 
considerable  difference  in  the  species  of  shells  they  contain ;    | 
perhaps  not  more  than  one-third  can  be  considered  as  common    ^ 
to  the  two  districts. 

Scily,  Dalmatia,  and  parts  of  Greece  appear  to  exhibit  simi- 
lar beds,  and  Malta  to  be  composed  entirely  of  them. 

In  Spain,  several  tracts  of  fresh-water  formation  have  been 
observed,  but  they  seem  to  be  of  very  local  and  limited  occur 
rence;  the  deposit  of  shells  at  the  foot  of  the  hill  of  St. 
Julians  near  Alicant,  described  by  Mr.  Townsheud,  seems  to 
be  clearly  of  this  age. 

In  the  north  of  Europe,  Count  Von  Buch  mentions  that  at 
the  head  of  several  of  the  Norwegian  Firths  surrounded  by 
primitiTe  hills,  he  found  small  deposits  of  clay  full  of  shells 
resembling  the  recent,  but  at  the  height  of  more  than  100  feet 
above  the  actual  level  of  the  sea  ;  these  seem  to  be  the  traces, 
funt  indeed,  of  the  action  of  the  causes  which  have  produced 
more  extenaife  similar  deposits  in  others  quarters,  and  to  be 
leferable  to  the  most  recent  of  these  deposits. 

In  Iceland,  a  deposit  of  this  nature  appears  to  constitute  the 
folitarj  exception  to  the  general  prevalence  of  igneous  products 
in  the  composition  of  that  country  ;  for  we  find  a  hill  of  clay, 
Ml  of  shelb  of  the  Venus  Islandica,  near  Hnsavik,  mentioned 
•s  the  only  faistance  of  the  occurrence  of  marine  remains  in 
that  island :  the  shells  are  of  a  smaller  species  than  those  now 
InumI  in  the  neighbouring  sea. 

In  North  America,  the  tract  extending  between  the  Atlantic 
md  the  Alleghany  mountains,  appears  to  be  composed  prin- 
cipally of  formations  of  this  character :  organic  remains  from 
^1     tUs  quarter  are  preserved  in  the  Woodwardian  collection  at 
^      Oimbridj^e. 

^  A  series  of  specimens  has  lately  been  presented  to  the 
Ceologital  Society  from  the  plain  at  the  foot  of  the  Himmaleh 
mountains,  which  exhibit  a  close  agreement  in  character  with 
thdie  of  the  Londim  clay. 
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lo  Lower  Egypt,  analagous  formations  probably  occur)  rfnci 
a  coarse  marly  limestone,  full  of  nnmmulites,  is  found  near  thi 
pyramids. 

Although  in  England  thele  deposits  contain  no  importan 
minerals,  a  few  specimens  of  selenite*  of  sulphate  of  baryte 
and  of  resinous  substances  making  up  the  list,  on  the  continen 
they  are  more  productive ;  the  beds  of  gypsum  frequently  b0 
come  very  important,  sulphur  is  also  often  found  in  considerabl 
quantity,  amber  and  other  resins  probably  of  vegetable  origin 
also  occur. 

CHAPTER  II. 

General  View  of  the  Upper  Marine  Formation* 

In  the  divisions  above  assigned,  the  reasons  have  been  gim 
for  making  the  beds  which  repose  upon  the  London  clay,  tb 
first  object  of  our  detailed  enquiry ;  the  propriety  of  separatinj 
the  consideration  of  those  of  marine  and  fresh*water  formatki 
is  sufficiently  obvious,  to  which  it  may  be  added  that  the  latte 
occur  only  in  a  single  district. 

Strata,  distinct  in  character  from  the  London  clay,  and  re 
posing  upon  it,  may  be  traced  in  two  separate  tracts  within  th 
London  basin;  first,  occupying  a  considerable  district  on  th 
east  coast  of  Suffolk,  of  which  it  forms  the  low  cliffs,  ai 
secondly,  forming  the  substratum  of  Bagshot  heath,  and  othi 
adjoining  tracts  of  similar  character.  In  the  Isle  of  Wigl 
basin,  it  has  already  been  observed  that  the  marine  strai 
alternating  with  those  containing  fluviatile  shells,  occupy  a  sim 
lar,  i.e.  superior,  position  r^ith  regard  to  the  London  clay ;  an 
sandy  tracts,  seemingly  holding  the  like  place,  may  be  found  i 
other  parts  of  that  basin.  That  the  beds  occurring  in  tl 
several  districts  above  mentioned,  agree  in  the  relation  of  thfl 
posterior  formation  to  the  London  clay,  is  manifest ;  but  th 
they  are  strictly  identical  or  contemporaneous,  does  not  hen( 
follow  as  a  certain  inference,  since  they  may  all  have  bei 
local  and  unconnected  deposits :  it  will  therefore  in  the  presei 
itate  of  our  information  be  most  advisable  to  dedicate  a  sep 
rate  article  to  the  exposition  of  the  geological  facts  connects 
with  each  of  the  above  districts. 

1.  That  of  Suffolk,  where  the  deposit  resting  on  the  Londi 
clay  appears  as  a  sand  or  gravel  enclosing  shells  of  pecufi 
characters;  the  whole  mass  having  obtained  the  loc 
anpellation  of  Crag. 

1.  The  jandy  beds  ^  Bagshot  and  the  neighbouring  heat) 
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1  The  marine  stratum,  alternating  with  those  of  fresh  waWr 
in  the  Isle  of  Wight,  which  consists  of  a  shelly  marie ; 
tlie  other  tracts  within  the  Isle  of  Wight  basin  have  not 

>been  examined,  but  appear  to  agree  nearly  with  the  sand 
of  Bagshot  heath. 

These  beds,  but  more  especially  the  Bagshot  sand,  teem  to 
petent  near  analogies  to  the  sand  of  the  upper  marine  formation 
Q  the  basin  of  Paris.    (C) 

Section  I,     Crag  of  Suffolk. 

(a)  External  characters.  At  Walton  Naze,  a  point  of  land  I ' 
iboat  16  miles  south-east  of  Colchester  in  Essex,  it  constitutes 
about  30  feet  of  the  upper  part  of  the  cliff,  the  lower  15  feet 
Mng  of  the  London  clay.  It  there  consists  of  sand  and  gravel 
enclosing  shells,  and  the  same  characters  prevail  also  beyond 
the  Nase  in  the  projecting  cliff  of  Harwich ;  but  it  also  includef 
Triable  masses  of  ferruginous  ^and,  somewhat  cemented  to* 
;etiier,  and  also  enclosing  shells.  The  same  occurs  again  on 
he  Suffolk  side  of  the  river  Stour  (G.  T,  vol  i.  p.  327),  Crag 
s  a  local  name  for  gravel. 

(h)  Mineral  contents.  The  only  remark  under  this  head 
ppears  to  be,  that  the  sand  and  gravel  and  organic  remains 
■closed  in  them,  often  exhibit  tints  which  bespeak  a  consider** 
ble  impregnation  of  iron. 

(c)  Organic  remains.  Among  the  fossils  which  have  been 
numerated  as  belonging  to  these  beds,  many  agree  with  those 
1  the  upper  marine  formation  in  the  Paris  basin.  (G.  T.  vol.  ii. 
•  218).  The  shells  are  found  in  an  excellent  state  of  preser* 
ition,  and  though  generally  in  a  confused  mixture,  are  some-* 
imes  8o  disposed  that  patches  of  particular  genera  and  species 
ppear,  as  is. the  case  with  the  small  pec/en,  the  mactrcBy  and 
he  Uft'ttirned  whelk.  Like  fossils  of  most  other  strata,  this 
siemblage  of  shells  manifests  a  peculiar  distinctive  character. 
ifew  shells  only^  which  may  be  placed  among  those  which  are 
wpposed  to  be  lostj  or  among  those  which  are  the  inhabitants  of 
ie  distant  seasj  are  here  discoverable ;  the  greater  number 
ci  appearing  to  differ  specifically  (as  far  as  their  altered  state 
ntt  aUow  of  determining  J )  from  the  recent  shells  of  neighbour-^  ^ 
9g  eeae}  Among  those  of  which  no  recent  analogue  is  known, 
ppean^to  be  the  terebratula  figured  in  Dale's  history  and 
Bt^nities  of  Harwich,  &c.  tab.  11,  fig.  9,  p.  294,  and  des^ 
rfbed  Phil.  Trans.  No.  201,  p.  1578.  This  shell  is  in  genera} 
boot  an  inch  and  a  half  long,  thick,  nearly  oval,  roughly  stri^ 
ted  trausrersely,  and  has  its  large  foramen  defined  by  a  dis* 

b2 
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tinct  border.     It  appears  to  differ  from  every  known  recent  < 

foreign  terebratula.    Another  of  the  probably  lost  shells  of  th 

stratum  is  the  fossil  o^ster^  figured  Organ,  rem.  &c.  vol.  ii 

pi.  14,  fig.  3,  and  which  is  there  considered  to  be  the  san 

oyster  as  that  which  is  described  by  Lamarck  as  ostrea  defm 

misi  also  the  voliAte^  Org.  rem.  vol.  iii.  pi.  5,  fig.  IS,  and  tl 

Essex  revened  whelk ^  as  it  has  been  termed,  nturex  coniraru 

linn.  Hist.  Conch,  of  Lister,  tab.  9.50,  fig.  44,  b  c,  is  here  vei 

abundant ;  but  the  fossil  shell,  with  the  whirls  in  the  ordinal 

direction,  is  sometimes  also  found  in  this  stratum.    Among  tl 

recent  shells^  the  resemblance  of  which  to  the  fossil  ones 

this  stratum  is  such  as  appears  to  render  a  comparison  by  i 

experienced  (5onchologist  necessary,  may  be  enumerated,  Pi 

tcUa  angaricaj  Patella  militarise  Patella  sinensis  (Cafyptri 

Lam.),  Patella  Jissur a  (Eniarginula  Lam.),  one  or  two  speci' 

of  patellae  with  a  perforation  in  the  apex,  FissureUa  f  Lam. 

Neriia  glaucina^  Nerita  canrena  (Natica  Lam.),  Turbo  ter^ 

(T\trritella  Lam.),  Murex  corneus^  Murea  erinaceus,  Strombi 

pes  peUcanij  Cyprcea  pediculus  with  no  sulcus  along  the  bac 

Photos  cuspatusj  in  fragments,  Solen  ensis  and  Solen  siliqum 

fragments,  Cardium  edute^  Cardium  aculeatur/i  ?  bearing  tl 

size  and  form  of  this  shell,  but  having  from  34  to  36  ribs  wi 

no  depressed  line  down  the  middle  nor  vestiges  of  spine 

Mactra  solida^  Venus  exoletOy  Venus  scotica^  Venericardia  set 

Us  Lam.,  j4rca  glycemeris^  Area  nucleus.    Besides  these  remai 

of  marine  animals^  the  fossil  hollow  tubercles,  having  lost  tl 

spines,  of  the  thornback  are  here  found  ;  also  fragments  of  tl 

fossil  palate  (Sc^ola  littoralis  of  l^hwydd)  and  fossil  remai 

of  sponge  and  alcyonia,  particularly  a  very  fair  specimen 

the  reticulated  akyonium  (Org.  rem.  vol.  ii.  pi.  9.  fig.  9.) 

this  bed,  and  among  the  gravel  and  the  shells,  are  frequevl 

found  fragments  of  fossil  bones^  which  possess  some  striui 

peculiarities.     They  are  seldom  more  than  half  an   inch 

thickness,  two  inches  in  width,  and  twelve  in  length ;  alwi 

having  this  flat  form,  and  generally  marked  with  small  del 

or  depressions.    Their  colour,  which  is  brown,  light  or  dn 

and  sometimes  inclining  to  a  greenish  tint,  is  evidently  derif 

from  an  impregnation  with  iron.     From  this  impregnation  th 

have  also  received  a  great  increase  of  weight  and  solidit 

from  having  been  rolled  they  have  acquired  considerable  polifi 

and  on  being  struck  by  any  hard  body,  they  give  a  shrill  rii 

ing  sound.     These  fragments,  washed  out  of  the  stratum 

which  they  have  been  imbedded,  are  found  op  the  beach 

Walton,  but  occur  in  much  greater  quantities  at  Harwich. 

what  animal  these  bones  belonged  is  not  kno^n ;  but  a  lai 

fossil  toothy  probably  of  the  nuunmoth^  was  found  within  t 
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last  few  years  on  the  beach  at  Harwich.  (G.  T.  vol.  i.  p.  327 — 

(d)    Bange  and  extent.    The  extent  of  this  bed  has  not  yet 

been  completely  ascertained.     The  nearest  point  to  the  metro* 

polis  at  which  it  is  seen,  is  Walton  Nase  in  Essex,  where  it  la 

exposexl  on  the  cliff  for  300  paces  in  length  ;  it  caps  the  cliffs 

OQ  both  sides  of  Harwich.     Quarries  of  it  are  worked  on  the 

MatHem  bank  of  the  river  Orwell  in  Suffolk,  and  near  South^^ 

wold,  which  is  about  two  miles  south  of  Lowestoff  in  the  same 

county,  it  appears  in  the  cliff,   together  with  sand  and  red 

loam  covering  the  Loudon  clay.   But  it  may  be  concluded  that 

the  ext^t  of  this  stratum  is  very  considerable,  since  the  same 

M  of  shells  is  found  on  digging,  through  Suffolk  and  a  great 

part  of  Norfolk ;  thus  appearing  to  extend  ov(t  a  tract  of  at 

I     least  40  miles  in  length.     (G.  T.  vol.  I.  p.  377  ^  5^9.) 

I        (f)   Eievaiion.  The  country  formed  by  this  bed  is  extremely 

flat ;  its  surface  may  be  considered  as  rarely  exceeding  50  or 

60  feet  above  the  level  of  the  sea. 

(/)  Thickness,  The  thickness  of  this  bed  is  tisible  (Hily  per* 
liaps  oq  the  coast  of  EWx,  near  Walton  Nase,  where  it  amounts 
to  about  30  feet,  and  on  the  cliffs  on  both  sides,  of  Harwich^ 
where  its  thickness  is  nearly  the  same. 
(g}  Inclinaiion,  It  is  nearly  horizontal. 
(A)  Agricultural  character.  The  tract  occupied  by  this 
fonnation  in  Suffolk  and  Norfolk,  affords  a  sandy  soil  blended 
with  rich  loams,  and  constitutes  one  of  the  most  fertile  and 
lughly  cultivated  districts  in  England.  The  shelly  mass  of  the 
crag  itself  also  forms  a  useful  improvement  to  the  poorer  sands. 
(C.) 

(0  Phenomena  of  water  and  springs.  This  formation  is 
generally  porous,  and  affords  no  quantity  of  water  except  when 
pierped  through ;  the  water  is  then  thrown  up  by  the  retentive 
iahstratam  of  the  fxuidon  clay.     (C.) 

(i^)  Miscellaneous  Observations,  'I'he  crag  seems  to  clajm 
priority  of  description,  as  being  probably  the  newest  bed  of  the 
Qpper  marine  formation,  to  which  it  is  generally  considered  to 
belong  by  the  best  observers.  The  striking  peculiarities  be- 
kstgiug  to  the  organic  remains  it  encloses,  are  worthy  of  par* 
ticolar  note.  It  has  not  hitherto  been  observed  in  immediate 
copoection  with  either  of  the  beds  which  are  here  lissociated 
with  it  as  belonging  to  the  same  formation. 
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Section  IL    Bagshot  Sand. 

(a)  External  Characters.  This  bed  consists  chiefly  of  M* 
ceous  sand  and  sandstone  without  anjr  cement,  but  occasioMllj 
inclndes,  or  is  associated  with,  brick  earth  (G.  Map). 

The  Grey -weathers  or  Druid-^stoney  of  which  the  piindpil 
masses  of  Stonehenge,  and  those  near  Amesburj  in  Wiltshire) 
and  the  sandstones  overlying  the  chalk  in  manj  other  places, 
consist,  do  not  appear  to  have  been  seen  in  a  continuous  bed| 
but  were  probably  once  imbedded  in  sand.  At  Stonehenge, 
the  largest  exceed  seven  feet  in  breadth,  three  in  thickness^ 
and  fifteen  in  height.  The  sandstone  is  so  hard  as  to  'require 
blasting  by  gunpowder,  and  is  used  for  paving  and  buildings 
Windsor  Castle  and  Lord  Carrington's  house  are  constructed 
qf  it.     It  is  also  sometimes  termed  Sarsden-stone  (G*  Notes).* 

Chalk  fluits  are  sometimes  imbedded  in  the  Grey-weathen 
of  Wiltshire,  (G.T.  vol.  ii.  p.  2i4).  And  small  flint  pebbles 
often  occur  in  the  sandstone  of  High  Wycombe,  and  St.  Anne*l 
Hill.  At  Purbright,  and  many  parts  of  the  surrounding  coun^ 
try,  loose  blocks  of  a  stone  are  found,  resembling  those  -termed 
the  Grey-weathers. 

(b)  Mineral  contents  i  none. 

(c)  Organic  remains.  Casts  of  various  shells  are  found  in 
this  sand  on  Ba(^shot  heath,  but  are  frequently  so  imperfeet  is 
to  preclude  the  possibility  of  ascertaining  their  species.  Mr. 
Warburton,  who  has  presented  an  interesting  collection  from 
that  place  to  the  Geological  Society,  remarks  that  they  exhibit 
circumstances  of  agreement  with  those  of  the  Upper  marine 
formation  of  Paris.    (C.) 

(d)  Range  and  extent. .  The  term  Bagshot  sand  is  here  used 
rather  in  a  generic  than  specific  sense,  for  it  is  intended  to  in- 
clude not  only  the  extensive  covering  of  sand  which  overlief 
the  London  clay,  and  wiiich  is  known  by  the  name  of  Bagshot 
Heath,  and  that  of  Frimby  and  Purbright  Heaths  and  other 
patches  on  the  south  of  them  in  Surrey  which  are  scarcely  dis- 
joined from  it,  but  also  the  sand  of  Hampstead  in  Middlesex* 
No  details  of  these  considerable  deposits  of  sand  have  hitherta 
been  made  public,  except  in  regard  to  their  extent,  which  is 
shewn  on  Mr.  Greenough's  map ;  whence,  we  may  obserre 
that  in  its  usual  form  of  sand,  it  covers  the  London  clay  fVaai 
near  Finchley  on  the  north,  to  the  south  of  Hampstead,  and  on 
the  east  of  that  line,  forms  a  part  of  the  eminences  on  which 
Highgate  and  Homsey  are  built.  The  same  sand  is  again  visiblt 

♦  It  is  not  however  certain  that  these  sandstones  may  not  rathf  r  be  refer* 
able  to  the  sand  of  the  plastic  clay.    (C.) 
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on  the  north,  extending  south,  though  not  unin» 
to  within  a  few  miles  of  Guildford  in  Surrey,  and 
Kingston  to  about  seven  miles  west  of  Bagshot^ 
•art  of  Windsor  forest. 

hi  of  hillsy  Sfc.  This  sand  is  found  forming  or  cover- 
minences  of  no  very  considerable  height,  such  as 
and  Highgate  hills  in  Middlesex,  St.  Anne's  and 
west  of  Chertsey,  Chobham  ridges  and  Romping 
I  of  the  Hog's  back,  and  St.  George's  hill  on  the 
eybridge  in  Surrey :  several  other  elevations  are 
e  same  county,  as  on  the  south  of  £sher  and  several 
igshot  and  Frimby  heaths*  Its  greatest  elevation 
ts  to  463  feet. 

ickness.  The  thickness  of  thfese  sands  does  not  ap* 
i  been  determined. 

Unation  of  the  beds.  Appears  to  be  conformable  to 
lubjacent  London  clay  and  nearly  horizontal. 
ricuUural  character^  The  agricultural  character  of 
differs  materially  from  that  of  the  crag,  presenting  % 
f  sand  and  producing  only  heath  and  furze :  hence 
us  tracts  of  unimproved  and  unimprovable  wastes 
llowed  to  remain  even  in  the  immediate  neighbour* 
metropolis*     (C.) 

enomena  of  water  and  springs.  These  beds,  being 
orous,  yield  water  only  when  thrown  up  by  the  sob* 
London  clay.     (C.) 

Section  III.    hteofWight.^ 

wkal  and  external  characters.  All  that  is  kobwn  of 
s  been  published  in  the  interesting  paper  on  the  strata 
he  chalk,  in  the  second  volume  of  the  Geological 
ransactions,  by  Mr*  Webster,  Secretary  to  the  Geo- 
ety,  who  deseribes  this  bed  as  consisting  chiefly  oC 
light  greenish  colour. 

neral  contents.     It  does  not  appear  to  contain  any. 
^anic  remains.    The  marine  shells  found  in  this  bed 
hill  consist  of  ceHthia,  many  species,  and  of  cycias^ 
mcilla^  &c*     The  shells  are  so  numerous  that  they 

:omlneutal  portion  of  the  basin  denominated  Trom  the  hie  of 
>  are  some  tracts  of  eand  and  gravel  occupying  B<au]itu»  and  a 
New  Forest  in  Hampshire,  and  reposing  apparently  on  the 
;  these  therefore  are  probably  contemporaneous  with  the  beds 
this  article.  Mr.  Greenough  considers  them  as  agreeine  with 
tie  former  section :  the  toil  of  these  tracts  is  peculiarly  adapts 
b  of  oak.    (C.) 
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mtij  be  gathered  by  handfalls,  and  are  ia  general  eltftmely 
perfect;  some  of  them  can  scarcely  be  disthmibfttell  fMI 
recent  shells,  and  few  of  them  are  found  in  the  LoodM  cHff  { 
they  are  accompanied  by  roundish  noddles  of  green  tildlMMl 
marie.  lu  Bramble  Chine,  the  banks  of  which  belong  tlO'fl^ 
btd,  there  is  a  large  bed  of  fossil  oyster  sliells,  the  greater  part 
of  y,  hich  an*  locked  into  each  other  in  the  natural  way  ;  agfee* 
ing  in  this,  and  in  other  respects  with  the  Upper  Marine  ft)^ 
nation  of  the  Paris  basin.  On  comparing  the  fossils  of  this  bed 
with  those  of  the  Crag,  it  will  be  observed  that  the  natia 
canrena  occurs  in  both,  and  that  this  bed  contains  tMO  speda 
9f  ampuUaria,  the  Crag  one  other* 

{d)  Extent.  This  bed  is  most  readily  observed  and  studM 
on  the  cliff  of  lieadou  hill  on  the  uorth-we^t  coast  of  the  Isle. 
It  appears  about  half  way  up  the  cliff,  and  is  separated  from 
the  Upper  Fresh- water  bed,  which  covers  it,  by  a  coat  of  sand 
a  few  inches  thick.  It  passes  from  theiKe  round  Totland  and 
Col  well  bays,  and  may  be  traced  all  round  the  north  side  of 
the  Isle,  and  is  visible  at  Cowes,  Hide,  and  Dcmbridge.  The 
shells  of  this  bed  are  numerous  on  the  shore  near  Cowes.  %ti 
the  whole  north  shore  of  the  island  has  been  for  ages  in  a  MIt 
of  constant  ruin  by  the  action  of  the  sea  and  the  sliding  dowft 
of  the  soil.  It  is  difficult  therefore  to  find  any  part  of  tibe 
strata  in  their  original  situation  ;  on  this  account  fresh* water  ud 
marine  shells  are  frequently  found  together  in  confusion. 

(e)  Height  of  hills y  S^'c.  In  the  ise  of  Wight  It  appesrt 
only  to  form  a  bed,  not  distinctly  alone  constituting  any  con- 
siderable tract ;  its  actual  boundaries  from  the  forementioned 
causes,  being  unknown. 

</)  Thickness.  The  thickness  of  this  bed  In  Headon  hill  is 
36  feet ;  it  does  not  appear  to  have  been  determined  ill  9Bj 
other  part  of  the  Isle. 

(g)  IncUnation.  In  Headon  hill,  this  bed  dips  a  few  degreei 
to  the  north. 


CHAPTER  III. 

FRESH. WATER  FORMATIONS. 
Section  I.     General  view  of  these  formations. 

For  a  description  of  these  interesting  formations^  and  also^nw 
may  add,  for  a  knowledge  of  their  existence  in  Engtand,  wt 
are  indebted  to  a  communication  to  the  Geological  Society,  'oil 
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tbe  Freshwater  formations  of  the  Isle  of  Wight,*  with  some 
•bservations  on  the  strata  over  the  chalk  in  the  south-east  part 
of  England,'  bj  Thomas  Webster,  Sec.  (r.S.  inserted  in  the 
Koond  Yolume  of  its  Transactions  /  from  which  the  following 
iiformation  is  chiefly  extracted. 

ileadon  hill  (see  Section,  pi.  2,  fig.  6),  as  has  already  been 
mentioned  in  treating  of  the  Upper  Marine  formation  of  the 
Isle  of  Wight,  is  situated  on  the  north-western  roast  of  that 
Isle,  and  a  natural  section  of  this  hill,  effected  at  some  remote 
period  bj  the  action  of  the  sea,  has  laid  opvn  to  us  the  extra- 
ordinary circumstances  of  its  formation,  shewing  that  it  consists 
of  alternate  deposits  by  salt  and  fn*sh  water,  the  evidence  of 
which  rests  upon  the  decided  characters  of  the  shells  they 

*  Not^  by  the  Rco.  H^,  D.  Conybearc.    The  occurrence  of  distinctly  marked 

beih-^water  formations  in  England,  may,  generally  speaking,  be  considered 

H confined  to  the  part  of  the  Isle  of  Wight  dcscrioed  in  this  article;  there 

Ire  however  some  apparent  indications  in  two  or  three  other  places  ia 

lagbnd    of  a  Fresli -water  formation  above  the   chalk :  but  it  may  be 

•doubted  whether  the  circumstancei  are  such  as  to  warrant  such  a  con- 

diMon,  the  phoenomena  observed  in  these  instances  being  generally  rather 

m  occasional  intermixture  of  a  few  fresh-water  shells  in  the  midst  of  marine 

Ibniiation,  than  the  occurrence  of  strata  decidedly  distinct,  and  containing 

remains  of  the  former  class  only:  such  an  intermixture  has  occasionally 

been  traced  in  the  following  places,  and  may  be  accounted  for  on  the 

iftpposition  of  dead  shells  curried  down  the  zstuarics  of  rivers^  and  there 

VttDgled  with  those  of  the  sea. 

The  diflfs  on  the  south  of  Har^'ich,  in  Essex,  consist  of  red  loam,  fresh- 
Water  shells  and  crag,  resting  on  the  London  clay  (G.  Map.)  On  the  same 
iiithority,  it  may  be  quoted  tliat  fresh-water  shells  occur  on  or  near  the 
cUff  of  London  clay,  east  of  Southend  on  the  coast  of  the  same  county. 

Among  the  pyritous  casts  of  shells  at  Sheppey,  Mr.  Wel)ster  found  one 
itetenibling  the  (ymneus,  and  another  the  planorbis,  but  too  imperfect  to 
decide  the  species.  Mr.  Brande  mentions  also  three  fresh-water  shells 
from  the  tame  place,  the  lymneus,  melania  and  nerita.  These  shells  how- 
erer,  observes  Mr.  Webster,  which  are  very  few  in  number,  do  not  prove 
the  existence  of  a  fresh-water  formation  in  this  place  sinular  to  those  of  the' 
basins  of  Paris  and  of  the  Isle  of  Wight;  for,  being  found  among  the 
remains  of  vegetable  and  marine  animals,  wc  may  suppose  these  fresh-water 
shells  were  carried  down  tos^ether  with  the  branches  uf  trees  and  fruits  by 
the  numerous  streams  and  nvers  that  must  have  flowed  into  this  gulph. 

It  mif  ht  be  most  naturally  expected  that  wc  should  find  on  the  coast  of 
Hampshire  opposite  to  the  Isle  of  Wight,  traces  of  the  same  formations 
%hicn  assume  characters  of  so  much  importance  in  the  Isle  of  Wi^ht  itself ; 
and  we  certainly  do  discover  many  fresh-water  shells  on  this  side  in  tho 
Hkrwich  cliflls,  but  still  they  appear  only  to  be  casually  intermixed:  here 
Kowrver^  if  any  where,  the  research  for  distinct  fresh-water  strata  niiglit 
be  imdectakxB  with  seme  prospect  of  success,  and  the  whole  lint  of  clifton 
this  side  of  Hampshire  certainly  deserves  a  more  careful  examination  than 
k  has  yet  received. 

We  should  be  careful  not  to  ctmfound  with  these  fresh-water  strata,  whicli 
ISrom  their  altemation'with  the  regular  marine  formations  dearly  belone  to 
a  period  anterior  to  that  in  which  our  continents  finiTly  passed  into  taeir 
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enclose.  Mauy  of  the  shells  found  imbedded  in  one  of  ihetm 
strata  are  quite  entire  ;  whence  it  is  argued  that,  considering 
tlieir  thinness  and  extreme  liability  to  injury,  they  must  havo 
Ii?ed  in  the  very  place  now  occupied  by  the  strata  which  en-* 
close  them.  These  strata  it  will  be  recollected  do  not  lie  io 
a  hollow,  but  a  hill ;  it  is  nevertheless  concluded  that  this  hill 
must  have  been  the  bottom  of  a  fresli- water  lake. 

But  as  in  tids  hill  there  are  two  strata  contauiing  fresh*water 
shells,  separated  by  that  which  has  already  been  described  tt 
belonging  to  the  Upper  marine  formation,  it  may  be  conclude 
that  this  hill  nmst  twice  have  been  within  the  bosom  of  a  fresh- 
water lake,  and  between  the  periods  been  covered  by  salt 
water.  Hence  there  are  two  formations  by  fresh  water,  whlcb 
by  their  discoverer  have  been  designated,  in  reference  to  their 

present  condition,  with  the  occasional  occurrence  of  frcth*water  shelb  ia 
alluvial  tracts — belonging  possibly  to  a  very  recent  date,  and  certainly  to 
one  less  ancient  than  the  above.  Near  Kew  m  Surrey,  land  and  river  sbrib 
were  found  in  sand  and  gravel  overlying  the  remains  of  elephants,  &g.  aaA 
therefore  certainly  posterior  t*  the  catastrophe  which  inhumed  these  animali. 

Traces  of  frebh-water  shells  have  been  supposed  to  be  observable  even  in 
some  of  the  strata  of  an  antiquity  greater,  and  in  one  instance  considenblr 
so,  than  that  oi  the  chalk  itself;  but  the  observations  are  of  a  doubcfm 
character ;  they  may  be  stated  as  follows : 

I.  The  clay  stratum,  separating  the  greea  and  iron  sand  in  the  wctld 
of  Kent,  and  containing  concretions  of  a  compact  argillaceous  limestcm 
known  under  the  name  of  Petworth  marble,  abounds  in  a  univalve  lap- 
posed  to  be  Helix  vivipara,  and  a  fluviatile  shell ;  but  the  identity  does  BfC 
•eem  to  be  fully  ascertained. 

S.  The  strata  immediately  below  the  iron  sand,  known  by  the  name  of 
Purbeck  marble,  present  a  smaller  species  also  referred  to  the  Helix  vivi* 
para.     Mr.  Webster  has  given  the  following  observations  on  these  beds. 

In  the  Isle  of  Purbeck  a  series  of  strata  of  shelly  limestone^  known  by 
the  name  of  the  Purbeck  stone,  alternates  with  shale  and  marie.  Some  of 
the  fossils  of  these  straia  strongly  resemble  fresh*water  shells  (  they  appear 
to  be  cydostoma,  pUnorbis,  &c.  (G.  T.  vol.ii.  p.  166.)  It  was  long  aga 
observed  by  Woodward,  in  his  history  of  fossils,  that  the  shells  in  tha  Pitf- 
beck  marble  consiiit  chiefly  of  the  Helix  vivipara ;  and  it  is  rather  surpriiiag 
that  this  very  ancient  fresh' water  formation  should  not  have  excited  moce 
attention,  beautiful  impressions  of  fish  are  frequently  met  with  by  the 
quarry-men  between  the  laminae  of  the  limestone ;  and  i  saw  abundance  of 
fragments  mf  bones,  some  of  which  belonged  to  the  turtle.  Complete  fipmi 
turtle*  have  been  found,  and  lately  one  extremely  perfect.     (W.  p.  192.) 

13.  Even  among  some  almost  of  the  oldest  strata  exhibiting  orguk 
cemains,  a  similar  occurrence  of  fresh-water  shells  has  be<;n  supposed  CO  be 
observable;  for  the  only  species  of  shells  yet  discovered  in  associatiun  wA 
the  coal  measures  is  a  kind  of  unio,  much  approaching  that  of  fresh  witcr» 
and  the  absence  of  marine  remains  seems  to  favour  the  supposition,  noduaf 
else  but  vegetables  (certainly  those  of  the  land)  being  discoverable  in  Cbv 
coal  strata.  It  seemed  necessary,  although  involving  an  anticipatioa  ¥ 
points  to  be  examined  hereafter,  to  make  some  allusion  to  these  faicts  at.  pre* 
4ent,  in  order  to  bring  the  whole  subject  of  fre«h*water  formatioiii  uadir 
the  reader's  aye  at  once. 
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pMtion,  the  Upper  and  Lower.*  It  will  be  most  advantnf^eouf 
to  treat  of  these  separately. 

Section  II.     Upper  Fresh-xcater  formation. 

{a)  Chemical  and  external  characters.  This  formation  Itefi 
ibove  the  bed  already  described  as  belonging  to  the  Upper 
nirine  formation,  fiom  which  it  is  separated  by  a  bed  of  sand 
ix  inches  thick  ;  it  is  covered  by  alluvium  of  which  the  sum- 
litof  Headon  hill  consists,  and  is  in  great  measure  comjiosed 
if  a  yellowish  white  marie,  that  does  not  endure  the  frost, 
Qclosing  masses  which  are  more  indurated,  and  appear  to  con- 
lin  a  greater  proportion  of  calcareous  matter.  It  is  the  most 
markable  and  best  characterized  of  all  the  beds  of  lleadon 
ill 

{b)  Mineral  contents.  Through  all  these  strata  ran  veins, 
reqaently  several  inches  in  thickness,  of  a  very  pare  carbonated 
ioM,  which  is  crystallized,  frequently  in  a  radiated  form. 

(c)  Organic  remains.  This  stratum  every  where  contains 
Ksh-water  shells  in  abumlance,  without  any  admixture  what- 
HT  of  marine  exuviae.  They  consist,  like  those  of  the  lower 
resh-water  beds,  of  several  kinds  of  lymnei,  helices  and  pla- 
irbes,  and  other  fresh- water  shells  which  are  extremely  thin 
ad  friable  ;  together  with  seeds  of  a  flattened  oval  form,  and 
irts  of  coleopterous  insects. 

(d)  Range  and  extent.  This  stratum  is  not  confined  to  the 
pper  part  of  f  leadon  hill,  where  it  appears  as  a  bed  of  very 
ODsiderable  thickness,  but  also  may  be  seen  in  many  parts 
frth  of  the  middle  range  of  chalk  hills.  On  the  western  coast 
t  does  not  extend  farther  than  Totland  bay,  but  occurs  again 
t Warden  point,  forming  the  summit  of  the  cliff.  Numerous 
Mls  of  it  lie  loose  in  the  soil  in  many  parts  about  Cowei, 

*  The  English  bedi  belonging  tQ  thcAe  fortnations  may  in  general  terms 
e  ccxDiiderKl  as  coniuiiting  of  marlc,  argillaceous  limestone,  and  tand, 
roned  bv  veins  of  calcareous  spar.  The  external  and  chemical  characters 
f  the  English  and  French  beds,  are  considered  to  be  sufliciently  diflfcrent 
QB every  other  known  rock,  to  render  them  distinguishable  even  without 
le  sbelU  they  enclose.  l*he  beds  of  France  are  described  as  white  or 
Aowisb,  sometimes  as  tender  and  friable  as  chalk  or  marie,  and  somer 
UU  very  bard,  compact,  and  solid,  with  a  fine  grain  and  conchoidal 
Kture.  In  the  latter  case  the  stone  breaks  into  sharp  fragments  like  flint, 
id  cannot  be  worked,  but  somettmet  it  will  even  admit  of  being  po- 
ibed  as  a  marble.  It  is  also  frequently  filled  with  infiltrations  of 'cal- 
xeout  spar.  Both  the  English  and  French  htd%  contain  the  cydostoma, 
inorbis,  and  limneus.  The  Fresh-water  formauon  of  England  is  alto- 
chcr  without  the  beds  of  gypsum,  which  are  even  numerous  in  that  of 
aoce,  and  on  thp  uppermost  of  which  were  found  the  bones  of  unknown 
rds  and  quadrupeds,  together  with  a  few  fresh-water  shells. 

c2 
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Bembridge  and  Binfitead:  but  in  the  neighbourhood  of  Cal- 
boume,  and  between  that  place  and  Thorley,  several  quarriei 
are  opened  in  it,  and  afford  excellent  stone.  The  rocks  a1 
Bembridge  ledge  and  ^Vhitecliff  bay  on  the  east  side  of  the 
island,  are  referred  to  this  formation.  The  beds  of  this  for- 
mation, or  more  correctly  of  these  formations,  are  now  coa« 
sidered  as  generally  occupying  the  northern  half  of  the  Isle. 

(e)  Height^  Sfc,  This  bed  occupies  the  upper  part  of  Uea- 
don  hill,  which  is  400  feet  above  the  level  of  the  sea,  and  the 
summit  of  which  consists  of  alluvium.  In  other  parts  of  thf 
Isle,  the  elevation  is  very  inconsiderable. 

(J)  Thickness.  This  bed  is  described  as  being  55  feet  thick 
in  Headon  hill ;  but  on  it  lies  a  stratum  of  olay,  11  feet  thick^ 
containing  an  unknown  bivalve  shell ;  above  which  is  anothol^ 
bed  of  yellow  clay  without  shells,  and  upon  it  a  stratum  of  fri- 
able calcareous  sandstone,  also  without  shells.  Above  the  lattec 
lies  another  calcareous  stratum  enclosing  a  few  fresh-watei 
shells.  These  beds  are  occasionally  very  compact  and  of  a  por^ 
cellanous  character.  Other  parts  contain  masses  of  loose  chalk| 
matter,  most  of  which  are  of  a  roundish  form,  and  among  these 
also  are  many  beds  of  a  calcareous  matter,  extremely  denscL 
and  much  resembling  those  incrustations  that  have  been  formeq 
by  depositions  from  water  on  the  walls  of  ancient  buildings  i^ 
Italy. 

{g)  Inclination,  This  bed,  in  common  with  all  the  others  of 
which  Headon  hill  consists,  dips  gently  to  the  north. 

(A)  AgricuUurdl  character,  (t)  Phwnomena  oj  water  atui 
springs*    On  these  heads  we  have  nothing  to  obsurve. 

(Jc)  Miscellaneous  remarks.  The  more  compact  parts  of 
this  stratum  are  durable,  and  have  been  long  employed  as  a 
building  material  in  the  Isle  of  Wight,  and  in  many  places  oa 
the  opposite  coast,  as  at  Portsmouth,  Southampton,  Lymingtoi» 
&e. 

Section  III.    Lov^r  Fresh^water  formation, 

(a)  Chemical  and  external  characters.  In  Headen  hill  it 
consists  of  a  series  of  beds  of  sandy,  calcareous,  and  argillaceoai 
marles,  sometimes  with  more  or  less  of  a  brownish  coaly  mat-, 
ten  Some  of  them  appear  to  consist  almost  wholly  of  the  fraf- 
ments  of  fresh-water  shells,  many  of  which  howeyer  are  sqf" 
ficiently  entire  to  ascertain  their  species.  In  the  quarries  of 
Bfaistead  near  Ryde,  the  characters  of  the  beds  differ  considers 
ably  from  the  above,  and  from  each  other,  as  the  folIowiBg 
section  will  evince.  The  strata  of  East  Cowes  quarries  almost 
exactly  resemble  those  of  Binst^d. 


Fresh'waier  formation*  U 

Section  of  BiDstead  quarries. 

Or  the  sominit  lies                                                  feet  in. 
1.  Blue  clay,  in  which  are  many  large  and  loose 
masses  which  appear  to  belong  to  the  Upper 

Fresh-water  formation 

%  Limestone  composed  of  coarse  fragments  of 

fresh-water  shells 2  — - 

8.  Ditto,  the  fragments  bring  less  coarse     4  -^ 

4.  Ditto still  less  coarse 2  — 

6.  Ditto 1  0 

0.  Siliceous  limestone 1  0 

7.  White  shell-raarle —  10 

8.  Siliceous  limestone —  d 

9.  Sand —  8 

10.  Siliceous  limestone  rag —      0 

11.  Sand 50    — 

13.  Blue  clay depth  unknown. 

The  fragment  beds  of  the  above  quarries  consist  of  hollow 
Bonldf  of  freah-water  shells  held  together  by  calcareous  spar. 

This  stratum  is  separated  'v»  Headon  hill  from  the  Upper 
fresh- water,  by  the  Upper  marine  already  described,  and  is 
iwnetimes  separated  from  the  bed  of  black  clay  on  which  it 
itsts,  by  a  black  coaly  matter.  This  bed  of  clay  is  thirty-five 
bet  thick,  nearly  horizontal,  contains  fossil  shells,  and  some- 
times selenite,  and  it  reposes  on  a  bed  of  white  sand  30  to  60 
feet  thick,  which  forms  the  base  of  Headon  hill,  and  which  is 
Ui^gely  employed  in  glass-making.  But  neither  the  clay  nor 
SBid  has  hitherto  been  distinctly  referred  to  any  particular 
tmnation. 

(b)  Mineral  contents.  Under  this  head  it  may  be  observed- 
that  at  Headon  these  beds  contain  more  or  less  of  a  brownish 
coaly  matter,  and  that  in  common  with  the  otlier  strata  of 
vhich  the  hill  consists,  they  are  traversed  by  veins  of  cal- 
careous spar. 

(c)  Organic  remains*  These  are  lymneus,  planorbis,  and 
cyclostoma,  and  perhaps  the  helix,  and  a  bivalve  resembling 
Ihe  fresh-water  mytilus.  The  casts  of  the  shells  in  the  East 
Cowes  beds  are  frequently  entire,  and  belong  to  the  genus 
cjclostoma^  Lam.  No  marine  exuviae  have  been  observed  in 
these  beds. 

(d)  Range  and  extent*  The  beds  of  this  formation  in  Headon 
hill  are  extremely  irregular,  and  are  not  to  be  traced  distinctly 
fiOB  each  other  for  more  than  a  few  hundred  yards,  the  re- 
milling  part  being  so  hid  by  the  monldering  slope^  that  the 
formation  can  only  be  observed  in  mass.  It  may  be  seen,  how* 
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erer,  extending  ronnd  the  north  side  of  Headen  into  Totland 
bay,  where  it  forms  the  upper  part  of  the  cliff;  and  at  the 
point  called  Warden- ledge,  it  is  found  in  a  more  uniform  and 
indurated  state.  In  Colwell  bay,  it  dips  to  the  north,  is  soon 
lost,  and  is  not  to  be  seen  any  more  on  that  side  of  Yarmouth. 

The  whole  of  the  northern  part  of  the  Isle  of  Wight  is  coii' 
sidered  to  belong  to  the  fresh-water  formation,  but  the  ruin  is 
so  considerable  that  it  is  difficult  to  find  any  of  the  beds  in  situ, 
and  hence  fresh-water  and  marine  shells  are  often  found  inter- 
mixed on  the  west  and  north  coasts,  though  in  places  thej 
occur  in  alternate  layers :  and  although  the  precise  boundary 
of  these  beds  in  the  Isle  of  Wight  is  unknown,  they  may  be 
traced  a  considerable  distance  east  of  Ryde,  perhaps  as  far  as 
Nettlestone. 

(e)  Height.  The  greatest  height  of  this  formation  aboye 
high  water  mark,  may  be  taken  at  about  90  feet  at  Headon 
hill ;  it  is  scarcely  found  at  so  great  an  elevation  in  other  parts 
of  the  Isle. 

(/)  Thickness.  In  Ileadon  it  is  63  feel  thick :  In  the  Bin- 
stead  quarries  it  appears  to  be  only  14  feet  by  the  foregoing 
section,  without  reckoning  the  %and  on  which  it  reposes. 

{g)     Inclination^  Sfc.     It  dips  gently  towards  the  north. 

(A)  AgricuUural  characters,  (t)  Phenomena  of  water  and 
springs.     On  these  heads  we  have  no  information. 

(k)  Miscellaneous  remarks.  The  quarries  of  Binstead  near 
Ryde,  of  which  a  section  has  been  given,  were  formerly  of 
great  celebrity,  and  furnished  materials  for  many  ancient 
edifices,  both  civil  and  religious,  in  the  Isle  of  \\  ight  and  the 
counties  contiguous  to  it.  They  are  now  very  little  worked, 
but  their  extent  may  be  traced  by  the  broken  ground  where 
they  have  been  filled  in.  The  mansion  of  Ix>rd  Henry  Seymoar 
near  East  Cowes,  and  a  wall  raised  for  the  purpose  of  pre- 
venting the  encroachments  of  the  sea,  were  built  of  the  rag 
limestone  from  a  quarry  near  the  mansion. 


CHAPTER  IV. 
THE  LONDON  CLAY. 

Section  I.     Preliminarj/  view  of  this  Stratum. 

The  great  argillaceous  formation  designated  by  this  name 
next  claims  our  attention.  It  is  rendered  highly  Interesting 
by  the  variety  of  its  organic  remains,  both  animal  and  vege- 
table, and  by  the  inferences  deducible  from  them — the  smaller 
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Domber  of  species  which  can  be  completely  identifiecl  with 
recent  analogues,  point  out  the  greaUT.aiiliquitj  of  tliis,  than 
of  the  preceding  forniotioii  j  and  the  circumstance  of  its  havin^^ 
been  thrown  into  a  vertical  position  in  the  Isle  of  Wight,  by 
convubious  which  must  have  taken  place  previou!)ly  to  the  de- 
position of  the  upper  beds  which  repose  horizontally  against  its 
tmncated  edges,  proves  that  a  su  flic  lent  interval  at  least  to  allow 
of  its  assuming  a  considerable  degree  of  consistency  must  have 
elapsed,  before  these  newer  strata  were  accumulated  upon  it. 
(C.) 

Its  name  is  derived  from  its  forming  the  general  substratum 
of  J^ndou  and  its  vicinity,  occurring  immediately  beneath  tlie 
Tegftable  soil,  excepting  when  occasional  deposits  of  alluvial 
OS  diluvial,  gravel,  sand,  &c.  inter\'eue.* 

Section  II. 

(a)  Chemical  and  external  characters.  This  formation  con- 
sists chiefly  and  sometimes  wholly  of  bluish  or  blackish  clay, 
which  is  mostly  very  tough.  Its  chemical  and  external  charac- 
ters are  however  subject  to  some  partial  and  local  variations, 
though  the«c  never  appear  to  be  very  considerable.  Some  of  its 
strata,  for  instance,  occasionally  partake  of  the  nature  of  marie, 
lioce  they  effervesce  when  exposed  to  the  action  of  an  acid, 

*  Perhapt  amother  exception  (C),  but  it  is  a  solitary  one,  may  be  thought 
to  be  indicated  by  the  following  curious  section  preserved  in  Sir  C.  Wren*s 
Parcntalia  (p.  285),  and  obtalnra  in  preparing  the  foundation  of  the  present 
Citliedral  of  St.  Paul's  in  London. 

The  Kurveyor  observed  that  the  foundations  of  the  old  church  stood 
spon  a  layer  of  very  dose  hard  pot  earth,  which  he  therefore  judged  firm 
CDOUgli  to  support  tne  new  building ;  and  on  digging  wells  in  several  parts 
he  foood  this  pot  earth  to  be  about  six  feet  thick  or  more  on  the  north  side 
of  the  church-yard,  but  thinner  and  thinner  towards  the  south,  till  it  was 
Karce  four  feet  upon  the  declivity  of  the  hill.  Below  this  he  found  nothing 
hut  drr  sand,  mixed  sometimes  unequally,  but  loo&e,  so  that  it  would  run 
through  the  fingers.  He  went  on  till  he  came  to  water  and  sand  mixed 
^th  periwinkles  and  other  sea-shelis :  these  were  about  the  level  of  low 
water  mark.    He  continued  boring  till  he  came  to  natural  hard  clay. 

The  upper  stratum  of  pot  earth  had  been  used  as  a  Roman  pottery  near 
(lie  Dorth-east  angle  of  the  present  church,  where  they  found  urns,  sacri- 
ficing vessels,  and  other  pottery  in  great  abundance,  and  were  interrupted 
10  digging  the  foundation  of  the  uorih-east  angle  of  the  church,  by  the 
quarry  from  which  the  pot  earth  had  been  extracted :  the  suhjiiccnt  s>and 
^  gravel  beds  being  considered  too  loose  to  support  the  wei;rht  of  the 
intended  building,  it  was  thought  necessary  to  secure  this  part  of  the  foun- 
<btioa  by  erecting  it  upon  an  arch.  The  outer,  or  north-east  pier  of  this 
^ith  standi  in  the  old  clay  pit,  in  a  shaft  sunk  to  receive  it  more  than  40 
Actbeiow  the  stratum  of  pot  earth  that  lud  been  removed,  and  descend- 
ing thnnigh  the  beds  of  sand  and  gravel  above  mentioned,  to  the  •ul)jacent 
•tranna  of  hard  clay.   (G.  T.  vol.  iv.  p.  288). 
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md  sometimes  stroogl j.  In  the  Isle  of  Wtgbt  it  conttios  mich 
green  earth.  Occasionally  it  includes  beds  of  samlBtose.  At 
Bognor,  on  the  coast  of  Sussex  (G.T.  toI.  ii.  p.  190,)  afesere* 
ral  rocks  now  appearing  as  detached  masses  in  the  sea,  though 
evidently  forming  portions  of  a  stratii^m  once  continuous.  Tie 
lowest  part  of  these  rocks  is  a  dark  grey  limestone,*  or  perlitpi 
mther  a  sandstone,  containing  much  calcareous  matter,  encloeiiig 
many  fossils  belonging  to  the  blue  clay.  The  upper  |iart  is  a 
siliceous  sandstone.  Bognor  rocks  resemble  much  the  nodalel 
and  beds  of  limestone  that  are  found  in  the  blue  clay  of  Almd 
bay,  and  are  no  doubt  owing  to  the  great  abundance  of  cal- 
careous matter  in  this  part  of  the  bed.  The  Barns  rocks  be^ 
tween  Selsea  and  Bognor,  the  Roundgate  and  Street  rocks  ei 
the  west,  and  Mixen  rocks  to  the  south  of  Selsea,  are  portioM 
of  the  same  be<l :  similar  masses  also  appear  at  Stubbington* 
The  cliff  near  Harwich  in  Essex  (G.  Notes)  contains  beds  of 
stratified  limestone.* 

*  The  fullest  idea  of  the  nature  and  composition  of  this  formattoo  will 
be  conveyed  by  the  following  actual  sections,  generally  obtained  from  tbi 
tinking  of  various  weHs  in  the  neighbourhood  of  the  metropdit. 

Section  afforded  by  a  well  sunk  at  Josiah  Forster*s,  at  Tottenham  in 
Middlesex.    (P.)  feet. 

1.  Immediately  below  the  surface  was  found  brick-earth  and 

coarse  yellow  sand  (from  which  washed  malm  bricks  are 
made)  stiff  clay,  and  gravel 20 

2.  Blue  clay  of  various  intensity  of  colour  aud  degrees  of  stiiF- 

ness,  adapted  for  tile-makmg.  It  effervesced. slightly,  and 
enclosed  nard  and  irregular  masses  of  a  lighter  colour,  liill 
of  minute  appearances  of  charred  vegetable  matter,  and  sep- 

'        taria,  which  also  effervesced ^ 

S.  Blue  clay  of  a  greasy  aspect  and  somewhat  greasy  to  the 
touch ;  it  did  not  effervesce 80 

4.  Purple,  blue,  red  and  brown  clay  mixed,  having  greatly  the 

appearance  of  some  varieties  of  lithomarge :  it  aid  not  effefw 
vesce 10 

5.  Blue,  white,  and  brown  clay  mixed,  much  heavier  than  the 

preceding  :  it  effervesced  strongly  and  contained  very  com- 
pact, hard,  and  nearly  cylmdrical  masses,  sk  to  12  inches 
Jong  and  of  a  yellowish  white  colour,  which  efferveiced 
strongly. ; 10. 

6.  Yellowish  white  clay,  frequently  compact   and  hard,  and 

equally  heavy  with  the  preceding :  it  effervesced  strongly.  •      $ 
Rock  bored  through 2 

Water  rose  to  within  a  short  distance  of  the  surface  in  a  few  houn. 

No  rock  was  found  in  sinking  several  wells,  not  half  a  mile  distant ;  in 
these  wells  only  blue  clay,  and  the  alluvium  covering  it^  were  perforated; 
the  water  rose  immediately  from  beneath  the  former,  and  has  in  some  io* 
stances  thrown  up  90  great  a  quantity  of  white  sand  as  to  obstruct  the 


LomdanCU^'  ^ 


Mtooe  bed  noderljing  Paris,  and  afbidiiig  the 
rhich  many  of  its  boildings  are  composed,  koown  by 
of  Calcaire  grossier,  corresponds  roost  nearly  in  its 
nd  fossils,  with  the  London  clay  of  oar  series ;  yet  no 

water  t  but  after  taking  up  several  toot  of  the  ttod,  the  water 
%t  level.  No  specimen  of  the  rock  farming  the  lowest  stratum 
section  was  obtained ;  it  may  perhaps  be  considered  analogous 
eous  sandstone  of  the  JBognor  roc  ks,  and  the  beds  of  limettomt 
near  Harwich  in  Essex^  as  may  alto  the  rock  bored  throosh 
I  depth,  after  sinking  through  1 89  feet  of  blue  day,  at  the 
lall  eminence,  near  Sewardstooe  in  Essex.  In  both  instances 
te  rapidly  from  beneath  the  rock ;  but  at  Bromley  near  Strat- 
in  Essex,  a  bed  of  rock,  one  foot  thick,  occurred  84  fctt 
un  spring. 

a  well  at  Twyford  near  Acton  in  Middlesex,  from  papers  to 
'  the  Geological  Society.     (C)  fect», 

relay ■.••*•    38 

coloured  clay,  containing  some  fossil  wood  at  188,  and 
sat*JOUfeet  from  the  surface 170 

tnd  clay  with  pebbles  J 

rated  clay,  red,  blue  and  bhck S8 

ind  water thin .•«« 


«  obtained  at  the  Highgate  Tunnel  presented  the  following 

feet. 
gravel,  sand  and  loam,  occasionally  concreted  by  iron 

iviah 10 

with  a  few  marly  concretions,  but  no  septaria,  pebbles, 

lells- 80 

rlay  with  septaria  and  shells,  hardest  in  the  lowest  part    65 

105 

attempt  at  Highgate  was  to  drive  a  tnnnel  (h*ke  that  of  Pui- 
jfrh  the  hill ;  hut  after  a  tnnnd  of  small  dimensaoos  had  bc«a 
plan  was  abandoned  in  consequeoce  of  finding  the  substratum 
909e,  and  incapable  of  supporting  aii  arch  of  the  dimeniioos 
id  resiftting  the  superincumbent  and  lateral  pressure.  Mr* 
I  of  opinion  that  the  London  clay  had  been  cut  eotirely  through  | 
i  stratum  was  the  sand  of  the  inferior  plastic  clay  formacioo  s 
ily  improbable  (unless  a  great  undulation  in  the  strata  be  sup* 
that  sand  should  have  occurred  in  this  point  at  such  a  level ; 
he  nature  of  the  contents  of  this  stratum,  consisting  of  septaria| 
id  lobsters,  &c.  identify  it  with  the  London  clay  formation,  aad 
was  merely  one  of  those  subordinate  sandy  beds  which  often 
milar  situation. 

t White's  Club-hoose,  St.  James's-street.  (RdphWslktr,Kiq.  ?•) 
148  feet  blue  clay 
93  feet  of  red  clay 

S85 
Wafer  rots  to  about  45  fecc  from  the  IPp. 

D 


/ 
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occurs  in  conjimctioii  with  a  lai^e  accumulatioii  of  vegettbit 
remains.    (C.) 

(c)  Organic  remains,  f  Few  formations  claim  a  greater 
interest  from  the  organic  remains  preserved  in  them  than  dill. 
In  the  higher  order  of  animals,  it  presents  us  with  the  croco* 
dile  frnd  turtle  among  the  amphibious  class ;  a  proof  that  the 
ahores  of  some  dry  land  .where  these  animals  might  hi?e 
deposited  their  eggs,  must  have  existed  at  the  period  of  its 
formation  within  a  distance  easily  accessible.  Of  Vertebnl 
fish,  several  species  are  found  beautifully  preserved,  to  which 
it  is  much  to  be  regretted  that  the  attention  of  (he  comparative 
anatomist  has  not  yet  been  sufficiently  directed  ;  of  crustaceoos 
fish,  many  species  of  (he  lobster  and  crab  occur. 

The  testaceous  molluscas  are  also  very  numerous  and  beaiiti- 
fully  preserved,  often  retaining  nearly  the  appearance  of  recent 
shells.  There  are  very  few  genera  of  recent  shells  i»hich  have 
f  not  tome  representation  imbedded  in  this  formation,  but  the 
\  specific  character  is  usually  different,  that  difference  being 
often  however  so  minute  as  to  escape  an  unpractised  eye ;  on 
the  other  hand  but  few  of  the  extinct  genera,  so  common  in  the 
older  formations,  occur  in  this,  so  that  it  seems  to  hold  i 
middle  character  in  this  respect  between  the  earlier  and  mon 
recent  beds.  Thus  though  nantilites  resembling  those  of  th( 
Indian  seas  are  common,  specimens  of  the  comu  ammonis  and 
the  belemnite  are  so  rare,  that  it  is  in  a  very  high  degrei 
doubtful  whether  they  ever  have  really  been  found.*  Tht 
nummulite,  so  common  in  the  contemporaneous  strata  of  France 
is  in  England  found  only  in  a  few  places  in  this  formation,  Ira 
it  is  by  no  means  ascertained  that  this  should  be  considered  a 
an  extinct  genus.  Echlnites,  so  common  in  the  chalk,  are  vei^ 
rare  in  this  formation. 

Zoophytes  are  likewise  extremely  rare ;  perhaps  none  lurn 
yet  been  found  in  England  (with  the  exception  of  a  few  miniiti 
corallines  investing  the  surface  of  the  shells)  ;  in  France,  how 
ever,  a  few  species  of  madrepore  have  been  discovered :  few  i 
any  of  the  numerous  fossil  family  of  the  Encrinites  have  ye 

+  This  article  is  by  the  Rev.  W.  D.  Conybeare. 
«  The  Comua  ammonts  figured  in  Mr.  Sowerby's  work  from  Norfolk 
are  beyond  a  doubt  alluvial  or  diluvial,  having  been  drifted  from  the  in 
ferior  oolite.  The  specimens  called  belemnites  in  Mr.  Jacob's  catalogw 
are  likewibe  doubtful :  no  belemnites  are  mentioned  amonp  the  fossils  c 
the  contemporaneous  formations  in  France  or  Italy;  a  few  genera  O 
minute  multilocular  shells,  supposed  to  beeitinct.  di»corbites,  rotalite^  leo' 
ticulinites,  as  well  as  the  nummulites,  are  enumerated,  but  tuch  toiil 
shells,  though  still  existing,  may  well  have  escaped  observation.  AmmO' 
nites  are  however  found  in  the  beds  immediately  reposing  on  the  chalk  f 
Maettrichty  but  these  are  probably  older  than  the  London  clay. 
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bete  eiranierated  as  occurring  anj  where  in  this  formation.^ 
tttroitae  are  howefer  mentioned  as  found  at  Sheppej,  but  it 
does  not  appear  whether  madrepores,  or  joints  of  the  peutacri- 
108,  are  meant. 

A  catalogue  arranged  in  the  Linnasan  method,  with  accurate 
cngrairings  of  the  shells  of  this  formation,  was  published  by 
Bnnder  under  the  title  Fossilia  Hantonensia.  Mr.  Jacobs  hat 
tdded  a  short  list  of  those  found  in  Sheppey  Island  to  his  Hortns 
Ftvershamiensis ;  very  interesting  catalogues  will  also  be  found 
h  Mr.  Webster's  excellen.t  memoir,  G,  T.  toI.  ii ;  and  the 
figures  and  descriptions  published  in  the  French  Annales  do 
Mnseum^  by  Lamarck,  of  the  Parisian  fossils,  may  be  consulted 
ilso  with  advantage,  since  these  generally  agree  with  the 
English. 

It  frequently  contains  small  portions  and  ewen  masses  of 
wood,  more  or  less  retaining  the  woody  fibre,  but  more  often 
hiving  the  appearance  of  being  charred,  and  of  a  black  colour. 
They  sometimes  exhibit  the  perforations,  and  even  contain  tho 
cists,  of  an  animal  which  is  considered  to  be  analagous  to  tho 
teredo  navalis  or  borer,  still  infesting  the  seas  surrounding  the 
West  India  Islands.  The  wood  occasionally  appears  to  have 
(brmed  a  nucleus,  around  which  have  been  deposited  those 
natses  of  argillaceous  limestone,  mostly  in  the  form  of  septaria, 
and  which  have  already  been  mentioned  as  being  characteristic 
of  the  London  clay :  they  often  contain  shells  still  exhibiting 
the  pearly  lustre. 

But  the  most  interesting  facts  connected  with  the  vegetable 
remains  of  this  formation,  are  those  which  have  been  observed 
b  the  Isle  of  Sheppy,  of  which  some  account  was  published 
by  Or.  Parsons  in  the  50th  volume  of  the  Philosophicjil  Tran- 
Mctions :  the  quantity  of  fruit  or  ligneous  seed  vessels  is  pro- 
digious* Mr.  Crowe  of  Faversham  has  procured  from  this 
fertile  spot  a  very  large  collection,  and  by  carefully  comparing 
each  individual  specimen  by  its  internal  as  well  as  external 
ippearance,  he  has  been  enabled  to  select  700  specimens,  none 
of  which  are  duplicates,  and  very  few  of  which  agree  with  any 
known  seed  vessels.     These  vegetable  remains  have  also  been 

*  It  will  give  tome  idea  of  the  variety  and  number  of  the  tettaceous 
fcnili  of  thit  formation  to  state,  that  at  Grignon  (near  Parift)  in  a  tingle 
ipoc,  a  nngle  individual,  Mr.  Defrance,  collected  500  different  species  of 
neib,  besides  ferpuhe,  siUquaria,  dentalia,  and  a  few  echinites  and  madre* 
pores.  The  shells  of  Horawell  cliff  in  Hampshire,  which  closely  agree 
widi  thoae  of  Orinion,  are  probably  equally  numerous. 

Mr.  Webster  MMerved  an  exact  coincidence  in  all  the  fossils  discovered 
in  the  lower  beds  of  the  French  calcaire  grassier  at  Ltaiicourt»  and  the 
corresponding  beds  of  th<  London  day  at  Stiibbingtoo. 
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f owid  on  the  opposite  Essex  shore,  bat  in  very  smftll  Bumbeif, 
und  iu  that  part  of  the  stratum  which  has  been  examined  at 
Kew.  Among  Mr.  Crowe's  specimens  are  many  which  aippear 
to  belong  to  tropical  climates,  some  which  seem  to  be  a  species 
of  cocoa-nut,  and  other  varieties  of  spices. 

The  existence  of  a  neighbouring  region  of  dry  land  seemi 
attested  by  these  vegetable  remains)  which,  from  the  state  in 
which  they  are  found  can  scarcely  have  been  supposed  to  have 
drifted  from  any  great  distance),  as  well  as  by  the  occurrence 
of  the  amphibia  before  mentioned.  We  can  scarcely  resist  the* 
temptation  of  asking  ^'  What  was  that  ancient  land  ?  had  any 
part  of  Kngland  then  raised  its  head  above  the  waves  ?  does  it 
not  sound  extravagantly,  even  to  enquire  whether  Its  oldest  and 
highest  mountain  tracts  then  formed  a  groupe  of  spice  islands 
frequented  by  the  turtle  and  crocodile  ?"  *  Speculations  likt 
these,  though  unavoidably  suggested,  almost  give  the  features 
of  romance  to  the  sober  walks  of  science. 

The  fossils  of  this  formation  are  abundantly  found  wherever 
•the  sea  has  laid  open  natural  sections,  or  artificial  excavationi 
•hkve  been  carried  on  to  any  great  extent ;  the  following  lo- 
calities may  be  mentioned. 

The  cliffs  on  the  south  of  Harwich  in  Rsseji ;  those  which 
skirt  the  north  of  the  Isle  of  Sheppy  ;  those  of  Stubbington 
near  the  eastern  entrance  of  the  Southampton  water,  and  more 
especially  those  between  Hordwell  and  Christchurch  in  the 
south-west  of  Hampshire ;  the  rocks  of  Bognor  in  Sussex  (though 
scarcely  deserving  the  name,  as  they  are  mere  blocks  just 
peeping  above  the  tide)  are  likewise  very  productive.  The 
great  excavation  for  the  Ilighgate  archway  near  London  af- 
forded numerous  and  beautiful  specimens  ;  some  excavations  at 
Kew  are  recorded  in  the  same  account  in  P.  'J\  vol.  103,  p.  134. 
The  Pits  at  Richmond  are  often  cited  in  Woodward's  catalogue. 
Shells  have  been  also  found  in  the  wells  on  Shooter's  hill.  The 
Canal  lately  undertaken,  but  since  abandoned,  for  the  drainage 

•  The  figure  of  the  Earth  as  a  spheroid  of  rotation  precludes  the  idea 
^hat  the  line  of  its  equator  caa  have  shifted,  and  many  physical  reaaoas 
concur  to  render  it  in  the  highest  degree  improbable  that  the  obliquity  of 
the  ecliptic  has  undergone  any  material  change.  We  cannot  therefore 
refer  the  indication  of  a  change  of  climate,  which  geology  seems  to  present 
in  the  higher  latitudes,  to  a&tronomical  causes  :  but  it  seems  (>y  no  means 
improbable,  when  we  take  into  consideration  the  proofs  of  the  much 
greater  extent  and  energy  of  the  volcanic  fires  which  have  acted  on  our 
planet  at  an  earlier  period,  that  its  general  temiierature  may  thea  have 
been  higher ;  the  number  of  the  points  universally  allowed  to  be  extinct 
volcanos  will  authorise  this  remark,  without  havi»»g  recourse  to  the  con- 
troverted, but  certainly  probable,  theory,  of  the  igneous  otigin  of  tmaltio 
rocks. 
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U  the  low  gitninds  of  East  Berkshire,  near  Bray,  presented  a 
rock  and  foidis  exactly  agreeing  with  those  of  Bognor. 

((Q  Range  and  extent.  This  clay  forms  the  superior  stratum 
of  the  chalk  basin  of  London,  except  where  it  is  partially  co- 
vered by  the  sands  of  the  upper  marine  formation,  already  des- 
cribed as  appearing  on  the  surface  of  llighgate  hill,  Bagshot, 
Frimby,  and  Purbright  heaths,  &c.  or  by  alluvial  sands,  gravel, 
and  loam.* 

it  extends  uninterruptedly  and  in  a  south-westerly  direction 
lirom  Orford  on  the  coast  of  Suffolk,  about  SO  miles  north-east 
of  Harwich,  and  a  little  to  the  north  of  Ipswich,  in  that  county, 
to  the  South  of  Coggeshall,  and  thence  to  Koydoii,  in  Kssex; 
vhence  it  turns  nearly  south,  extending  to  a  little  on  the  west 
of  £dmont(Mi  in  Middlesex,  and  thence  in  ^  north-westerly  di* 
lection  by  Chipping  Baniet  and  South  Mims  to  the  north  of 
Ridge  hill ;  here  it  suddenly  turns  southward,  and  afterwards 
•oath-west  by  llarefield  and  Uxbridge  to  a  little  on  the  east  of 
Colnbrook:  it  then  turns  nearly  west,  crosses  the  Thames  by 
Windsor  to  Twyford,  and  thence  passes  to  its  extreme  point  on 
the  west,  which  is  about  three  miles  south-west  of  Reading  in 
Berkshire.  It  then  turns  to  the  south-east  in  an  irregular  line 
to  within  a  very  short  distance  of  Famham  and  Guildford  in 
Sorry,  and  by  Kpsom  and  a  little  north  of  Croydon  to  Dept- 
lord  in  Kent ;  in  which  direction,  at  the  distance  of  about  ftvo 
miles  beyond  its  general  boundary,  an  outlying  and  insulated 
maM  of  this  formation  constitutes  the  upper  regions  of  the  con- 
tptcnout  height  called  Shooter's  hill,  forming  its  rounded  sum- 
■it  and  reposing  on  the  platform  of  Blackheath  where  the 
inferior  beds  of  the  plastic  clay,  &c.  appear. 

The  London  clay  therefore  constitutes  a  very  large  part 
of  the  soil  of  Suffolk,  nearly  the  whole  of  Essex,  including 
Bainault  and  Epping  forests,  quite  to  the  sea,  the  whole  of 
Middlesex,  and  portions  of  Berkshire,  Surrey  and  Kent ;  in  the 
latter  county  it  appears  on  the  northern  side  of  the  Medway, 
constitutes  the  Isle  of  Sheppy,  the  cliff  from  Whitstable  to  the 
Seculver  north  of  Canterbury,  and  extends  in  a  south-westerly 
direction  nearly  io  that  city,  and  thence  westward  about  six 
miles  to  Boughton  hill ;  a  small  patch  of  it  is  visible  on  the 
aonth-west  of  Ramsgate  in  Pegwell  Bay.     (G.  Map). 

In  the  chalk  basin  of  the  Isle  of  Wight  it  is  also  very  ex- 

•  The  beds  of  the  Plastic  clay  arc  often  so  similar  to  those  of  the  Londom 
day,  that  it  is  by  no  means  easy  to  trace  in  every  instance  their  demarca- 
tion. The  bouodaries  indicated  above,  are  therefore  only  given  as  the 
aearest  approximation  to  accuracy  which  the  present  state  of  our  informa- 
tion admits,  and  may  very  probaoly  allow  of  many  local  corrections ;  the 
podtion  of  the  springs,  to  which  the  sands  underneath  this  formation  ^crve 
as  ao  immeiMCy  reservoir  affords  the  best  guide  iu  tracing  it«  limitt.   (C.) 
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tensive,  forming  the  whole  coast  from  Worthing  in  fUsiek  to 
Christchurch  in  Hampshire,  and  extending  from  the  lattef 
place,  inland  by  Ringwood,  Romsey,  Fareham,  and  panlng 
a  mile  or  two  south  of  Chichester  to  Worthing.  It  forms  tht 
whole  of  this  tract  from  the  above  named  places  to  the  cou^ 
except  where  it  is  covered  by  alluvium,  or  bj  a  sandy  tract, 
analagous  to  the  Bagshot  sands,  constituting  Beaulien  forest, 
and  a  part  of  the  New  forest,  it  is  also  found  in  the  Isledf 
Wight,  and  extends,  nearly  in  a  vertical  potUion^  alcmg  tht 
island  from  Alum  Bay  on  the  west  to  Whitecliff  Bay  on  thi 
east,  between  the  nearly  horizontal  freshwater  and  upper  ma- 
rine beds  on  the  north  and  the  nearly  vertical  beds  of  the 
Plastic  clay  formation  on  the  south  of  it.  See  Plate  %  fig.  9. 
(G.  Map)  'io  this  it  may  be  added,  that  this  clay  fonns  the 
bottom  of  the  channel  termed  the  Solent,  which  is  between  tht 
Isle  of  Wight  and  coast  of  Hampshire.  Bognor  rocks  consnt 
of  it. 

The  occupation  of  the  very  large  tracts  just  recited,  by  the 
London  clay,  has  been  proved  over  a  great  portion  of  it  by 
the  sinking  ojf  wells,  as  already  adverted  to  in  treating  of  the 
chemical  and  external  characters  of  this  stratum,  and  by  the 
cutting  of  roads,  as  over  Shooter's  hill  and  Boughton  hill  in 
Kent;  and  the  cliffs  which  it  forms,  and  which  are  nnmeroui 
and  extensive,  have  been  mentioned  as  being  particularly  favor* 
able  to  the  collection  of  the  organic  remains  it  encloses. 

(e)  Height  of  hills ^  Sfc.  The  country  formed  by  this  stra- 
tum is  generally  low,  and  may  for  the  most  part  be  considered 
as  flat,  or  at  the  most  as  consisting  of  very  gentle  undulations. 
Here  and  there  however  it  rises ;  the  highest  point  it  attains  is 
the  summit  of  High  Beech  in  Essex,  being  759  feet  above  the 
level  of  the  sea;  Langdon  hill  on  the  coast  of  the  same  txmnty 
is  620  feet  high  :  Danbury  hill  is  not  greatly  inferior ;  Shooter's 
hill  in  Kent  is  446  feet  high ;  Richmond  hill  and  St  Annli 
hill  in  Surrey,  which  consist  of  this  clay,  are  less  elevated. 

The  northern  half  of  the  isle  of  Sheppy  consists  of  a  rugC 
of  hills  of  above  200  feet  in  height,  presenting  to  the  sea  clifi 
of  the  lA)ndon  clay  about  90  feet  in  height  aud  four  miles  k 
length,  and  declining  gradually  towards  the  east  and  west 
These  cliffs  have  deen  formed  by  the  action  of  the  sea,  and  of 
which  whole  acres  sometimes  fall  at  once.  (G.  T.  v.  ii.  p.  192.) 
The  cliffs  at  the  Reculver  on  the  north-west  coast  of  the  Isle  of 
Thanet  (C.)  consist  of  this  clay  and  are  about  70  feet  higL* 
Hordwell  cliff  in  Hampshire  has  already  been  mentioned  as 
about  150  feet  high. 

*  These  are  remarkable  for  the  very  rapid  encroachment  of  the  tea ;  it 
is  said  chat  in  the  rdgo  Of  Henry  the  £ighth  the  chorch  stood  nearly  a 


(f)  TTkickneUy  Sfc,  The  London  clay  has  been  pierced  in 
Yirions  places  to  different  depths.  One  mile  east  of  London  it 
was  found  to  be  onij  77  feet  thick  :  at  Tottenham,  in  the  sink- 
ing of  several  wells  it  was  found  to  be  110  to  120  feet:  at 
White's  Club* house,  St.  Jaoies's,  935  feet :  at  the  Dock-yard 
It  Portsmouth  102  feet,  while  in  Portsmouth  266  feet  were 
lunk  down,  without  getting  through  the  clay.  It  is  said  that 
It  Lord  Spencer's  at  Wimbledon  in  Surrey,  it  was  pierced  to 
the  depth  of  530  feet  without  passing  through  it.  Most  of  the 
veils  ui  Essex  are  very  deep  :  at  Colchester  barracks  108  feet, 
Llwlmsford  barracks  300  feet  (P*T.),  East  lianuingfield  474 
eet  (G.  Notes),  Epping  392  feet. 

The  actual  thickness  of  this  clay  in  Sheppey  is  estimated,  by 
idding  the  height  of  the  cliff  to  the  depth  of  the  wells,  at  530 
eet,  but  it  may  be  supposed  to  be  much  thicker  in  Essex  ;  for 
f  to  the  depth  of  this  cby  at  Epping  (392  feet),  we  add  300 
eet,  the  superior  height  of  High  Beech,  (which  is  about  five 
niles  from  that  place  and  scarcely  one  mile  nearer  the  termina- 
ion  of  the  clay),  we  may  assume  it  at  High  Beech  to  be  about 
00  feet  thick.    (P.) 

( j-)  IncUnaiion,  The  beds  of  this  clay  are  so  nearly  hori^- 
:ontal,  that  no  perceptible  difference  from  that  position^ haa 
leen  observed  that  we  are  aware  of  in  the  chalk  basins  of  I^n^ 
lou  and  the  Isle  of  Wisht;  except  iu  the  Isle  itself  (see  Pi.  2. 
ig.  6.)^  where  this  bea  is  nearly  vertical.  This  extraordinary 
[eviation  in  regard  to  position  will  be  treated  of  hereafter  in 
peaking  of  the  numerous  accompanying  beds  of  sand  and  clay 
lelongtng  to  the  plastic  clay  formation,  and  of  the  chalk,  of 
rhich  the  position  is  nearly  the  same. 

(A)  AgricuUural  character.  This  clay  chokes  the  plough 
nd  rolls  before  it  in  a  broken  and  muddy  state  ;  after  rain  it  it 
lot  slippery,  but  adheres  to  the  shoes;  after  drought  it  presents 
racks  nearly  a  yard  in  depth  and  several  inches  in  breadth* 
3n  the  Nore,  south  of  \Valton  it  forms  a  sort  of  pavement 
n  many  places,  and  divides  by  desiccation  into  small  columns 
Tsembling,  on  a  small  scale,  the  Giant's  causeway.  (G.  Notes.) 

mile  diiicant  from  the  coist ;  in  the  Oentleman*4  Magazine  it  a  view  of  it 
tbout  the  middle  of  the  last  century,  which  still  represents  a  considerable 
'ince  as  interreningf  between  the  north  wall  of  the  church*yard  and  the 
cliff;  that  wall  and  half  the  ehurch-yard  have  since  been  washed  away  and 
tlie  church  is  yearly  chreatcncd.  Tne  accumulation  of  ruin  at  the  foot  of 
tbe  cliff*  is  tcriKing,  the  whole  area  being  included  by  the  massive  walls  of 
the  Roman  station  Kenlttum ;  large  fragments  of  xh^i  wall  are  mingled 
Mith  the  wreck  of  modem  cottages  and  the  boulders  of  marlstone  washed 
Sim  the  cUy,  and  the  beach  is  strewn  with  fragments  of  Romnn  pottery 
■ltd  bonen  troin  the  modem  cemetry.    (C) 
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Acconiliig  to  Townsend  it  is  sometimes  called  JVood^iower* 
tandj  because,  although  it  is  productive  of  the  finest  elin^  oak^ 
and  ash  timber,  it  requires  chalking  before  it  can  prodnce  gootf 
com.    (G.  Notes.) 

Barren  as  this  clajr  naturally  is,  it  is  rendered  by  prodigBlity 
of  manure  in  the  neighbourhood  of  the  metropo^s,  excellent 
garden  ground.    (6.  Notes.) 

On  Epping  Forest,  most  of  Windsor  Forest,  and  much  of 
the  New  Forest,  the  'oaks  are  finest  where  the  clay  is  inter- 
mixed  with  the  sand  lying  aboye  and  below  it.    (G.  Notes.) 

The  surface  of  the  vegetable  mould  does  not  however  in  most 
cases  rest  immediately  upon  the  I^ondon  clay,  but  upOn  beds  of 
rich  marlcs  and  loams,  which  often  alternate  with  gravel  and 
land,  and  sometimes  to  the  depth  of  30  or  40  feet. 

(i)  Phenomena  of  water  and  springs.  This  clay  is  lo 
extremely  dense,  as  to  be  almost  impervious  to  water.  Hence 
but  few  springs  issue  immediately  from  the  stratum  itself, 
and  whenever  these  are  found,  the  water  is  impure  owing  to  Its 
containing  salts,  which  render  it  hard,  and  unfit  for  domestic  j^ 
purposes:  the  pyrites  which  in  some  places  abounds  in  this  u 
clay,  undoubtedly  contributes,  by  its  decomposition,  to.  render 
the  water  impure. 

The  late  Mr.  Tennant  is  said  to  have  noticed  the  existence  of 
sulphate  of  magnesia  in  the  London  clay.  It  has  not  howcTer 
been  ascertained  whether  the  springs  of  Kpsom  rn  Surrey,  which 
arise  from  some  of  the  strata  above  the  chalk,  arise  from  this 
stratum.  (G.  T.  vol.  ii.  p.  1 38.)  Many  other  localities  are  men- 
tioned by  the  writers  on  mineral  waters,  in  which  this  fomnatioa 
is  said  to  yield  springs  impregnated  with  the  same  salt,  ris.  - 
Bagnigge-welis,  St.  Georgc's-fields,  Kilbum,  Kensington,  Pan* 
eras,  and  Richmond  ;  these  springs  must  in  all  probability  rise 
from  the  Loudon  clay,  being  situated  far  within  its  boundary. 
The  position  of  the  following,  being  near  the  border  of  the  for- 
mation, render  their  source  more  doubtful ;  Acton  (Middlesex)) 
Barnet  (Herts),  Brentwood,  Upminster,  and  Colchester  (Essex)}  , 
Dulwich,  Streatham,  (Surrey).  Muriate  of  soda  is  said  also  ifi  i 
be  contained  in  some  of  these  springs.  It  is  probable  howerer  | 
that  they  have  never  been  correctly  analysed ;  but  these  in-  | 
dications  imperfect  as  they  are,  deserve  notice.     (C.)  1 

The  dense  nature  of  this  stratum  is  of  vast  importance  to  the  i 
metropolis  and  its  vicinity.  The  alluvium  covering  the  snrface  | 
of  this  clay  is  full  of  water,  and  the  quantity  daily  drawn  from  f 
it  alone  in  the  metropolis  itself  is  almost  incredibly  great.  Many 
of  the  wells  furnishing  to  the  inhabitants  a  plentiful  supply  of  i 
remarkably  limpid  but  somewhat  hard  water,  drawn  by  the  public 
pumps,  are  not  deeper  than  the  alluvium ;  which  also  furnishes, 
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by  meam  of  Tefy  shallow  wells,  man  j  of  the  large  distilleries, 
lugar  houses,  and  some  of  the  breweries  with  astonishing  qoan* 
titles,  of  which  some  notice  will  hereafter  be  t^ikeii  \i\  treating 
of  Aliavium  generally.  The  soft  pump  watiT  ati'd'fdfd  by  ^ome 
af  the  wells  in  l^ndon,  and  tcfv  many  on  its  north  and  north- 
east, (and  of  which  scTcrai  sections  have  already  been  giyen 
mdcr  the  heads  a  and/  rises  from  beneath  the  London  clay); 
tad  man  J  places,  now  abundantly  supplied  by  these  perfo. 
ntioBS,  were  without  water  well  adapted  for  domestic  purposes, 
until  within  the  last  30  years.  \\  herever  a  well  is  sunk,  the 
immediate  rise  of  the  water  has  some  effect  in  depressing  for  a 
time  that  of  the  neighbourins:  wells  ;  the  sinking  of  one  on  the 
loath  of  the  Thames  above  London  Bridge,  has  even  lowered 
the  water  in  one  on  the  northern  border  of  the  river,  proving 
that  the  currents  of  the  river  tlows  over  this  stratum.     (P.) 

The  water  afforded  by  these  wells,  and  which  rises  from  the 
mds  of  the  Plastic  clay  formation  underlying  it,  is  very  limpid 
and  free  from  salts;  it  is  therefore  what  is  termed  soft  in  a 
remarkable  degree,  is  adapted  to  every  domestic  purpose,  and 
never  fails.  It  frequently  rises  so  instantaneously  on  passing 
through  the  clay,  as  not  to  suffer  the  well-digger  to  escape 
without  rising  above  his  head.  It  appears  to  rise  in  different 
places  to  different  heights:  at  Liptrap^s  distillery  at  Mile  Knd 
near  Loudon,  it  stands  in  the  well  prt*cisely  at  the  level  of 
high  water  mark  in  the  Thames ;  but  at  Tottenham,  four  miles 
north  of  London,  it  rises  60  feet  above  that  level,  for  the  water 
has  stood  for  twenty  years  in  my  own  well  within  ten  feet 
of  the  summit,  which  is  70  feet  by  barometrical  measure- 
ment  above  high-watermark  at  London  bridge ;  while  in  a  well 
at  Eppiiig,  about  flfteen  miles  north-east  of  Jx)ddon,  the  water 
rises  to  within  26  feet  of  the  summit  of  a  well,  2s40  feet  above 
high  water  mark  in  the  Thames,  and  therefore  314  feet  above 
that  level.*     (P.) 

*  The  history  of  this  well,  which  was  sunk  by  my  friend  Isaac  Payne  at 
£pping»  and  of  another  at  Hunter*s  Hall,  two  miles  from  Epping,  furnish 
lome  facts,  not  readily  explained  on  the  supposition  that  the  water  of  both 
is  derived  from  the  common  source  of  the  welU  sunk  through  the  London 
<Iay,  vix.  the  sand^  of  the  plastic  clay  formation. 

The  summit  of  the  well  at  Epping,  as  above  stated,  is  S40  feet  above  high 
water  mark.  The  first  87  feet  trom  the  surface  consisted  of  gravel,  loam, 
and  yellow  cUy,  then  blue  clay  .180  feet,  then  alternating  £rds  of  sandy 
beds  of  blue  clay,  and  of  blue  clay  unmixed  with  sand,  aud  three  or  four 
feet  chick,  coaiibued  for  13  feet  more;  in  the  whole  430  feet,  of  which tOO 
feet  were  sunk  through,  and  S20  l>ored,  four  inches  diameter.  As  no  water 
was  found,  it  wan  comidered  as  a  hopeless  labour  :  the  borings  was  abaa* 
doned  and  the  well  covered  over :  at  the  end  of  five  months  it  was  found 
that  the  water  had  risen  to  within  26  feet  of  the  surface,  and  it  has  lO  C0Q« 
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turned.  The  rinking^  was  therefore  340  feet  abore  the  lerd  of  the  Thinea^ 
and  80  feet  below  it.    The  water  is  limpid  and  toft. 

The  summit  of  the  well  at  Hunter's  Hall  was  found  by  lerelUng  to  be 
about  70  feet  above  that  of  the  well  at  Epping,  and  therefore  410  feet 
above  the  high  water  mark  of  the  Thames :  but  the  depth  of  the  well  was 
only  350  feet ;  it  therefore  did  not  reach  the  level  of  the  Tlumes  bj  SO 
feet :  and  the  water  stands  in  it  ISO  feet  above  the  bottom  of  the  well 

The  facts  relating  to  these  wells  are  expressed  by  the  following  diagnoi. 

(P.) 

IfwUcnBttU 
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The  depth  to  which  it  is  necessary  to  sink  in  order  to  proelxre  miaX 
beneath  any  retentive  stratum,  will  of  course  vary,  as  the  incfioatiaB  of 
undulation  of  the  inferior  water-bearing  stratum  orings  it  nearer  to  the 
surface.  The  only  difficulty  then  is,  to  explain  why  water  issuing  from  the 
same  stratum  should  stand  at  difierent  levels,  since  It  would  appear  oa 
the -laws  of  hydrostatics,  that  the  water  in  every  wdl  so  sunk,  ought  to 
have  a  common  surface,  that  surface  being  determined  by  the  lowest  lefd 
at  which  the  water-bearing  stratum  appeared  exposed  to  the  day  along  its 
basset  edge;  for 'since  such  a  stratum  would  necessarily  shed  its  waten 
from  that  point,  it  may  seem  difficult  to  understand  how  it  can  act  as  s 
reservoir  to  retain  them  at  any  higher  point  in  the  interior  of  its  area.  Bit 
a  little  consideration  will  shew,  that  this  conclusion  supposes  a  fiiH  and 
instantaneous  communication  to  exist  between  the  various  portions  of  the 
water-bearing  stratum,  whereas  in  nature  no  such  case  exists,  the  poitMity 
of  every  stratum  being  imperfect,  and  greater  in  some  parts  than  otben; 
hence,  when  any  adjacent  valley  is  excavated  so  deep  as  to  expose  a  portioo 
of  the  water-bearing  stratum,  it  will  drain  it  in  that  part,  and  reduce  the 
level  of  the  water  in  the  welU  immediately  contiguous  to  that  of  soch 
drainage.  Thus  the  valley  of  the  Thames,  denudating  the  plastic  clay  acir 
Deptfdrd,  brings  down  the  water  of  the  wells  on  the  cast  of  London  to  iti 
own  level ;  but  the  communication  between  the  points  so  drained,  and  the 
more  distant  parts  of  the  stratum,  not  being  perfect,  these  will  not  be 
drained  to  the  same  degree.  The  water  therefore  procured  fiom  them  will 
rise  to  a  higher  level ;  thus  the  waters  which  have  been  collected  on  the 
basset  of  the  sand  accompanying  the  plastic  clay  against  the  chalk  bilk  of 
Essex,  &c.  percolating  gradually  through  and  saturating  their  mass,  will 
rise  to  diflferent  heights  in  proportion  as  the  low  points  of  drainage  are  nctf 
or  distant.  The  only  general  rule  that  can  be  deduced  is, — that  the  water 
of  wells  can  in  no  case  rise  to  an  hieher  level,  than  the  highest  point  of  die 
strata  collecting  them ;  but  the  local  circumstances  of  the  drainage,  effiBrted 
HI  the  vallieH  traversing  those  strata,  may  compel  them  to  aftsnme  variooi 
inferior  levels  in  the  proximity  of  such  vallies;  faults  which  may  nt  off 
portions  of  the  water-bearing  strata  from  their  general  mass,  or  dam  vp 
their  waters  in  particular  directions,  wiil  also  affiird  other  cauoet  of  kicsl 
variation.   (C.) 


CHAPTER  r. 
PLASTIC  CLAY  FORMATION. 

Section  I.     General  view  of  the  Plastic  Clay. 

Chemical  and  external  characters.  Viewing  it  on  th« 
scale,  we  may  consider  this  formation  as  composed  of  an 
nite  number  qf  sand^  clay^  and  pebble  beds^  irregularly 
\ating.  Of  these,  the  sands  form  in  Kngland  the  most 
sive  deposition ;  in  which  the  clay  and  pebbles  are  inter- 

sabordinatelj,  and  at  irregnlar  intervals.  An  attentive 
nation  of  the  general  points  of  resemblance  in  the  sub- 
\  of  the  clays,  sands,  and  pebbles,  forming  these  irregular 
ations  above  the  chalk,  leaves  no  doubt  as  to  their  being 
ters  of  one  great  series  of  nearly  contemporaneous  depO" 
r,  intermediate  between  the  chalk  and  the  London  clay. 
'.  vol.  iv.  p.  209.) 

18  formation  was  named  in  conformity  with  the  term  by 
I  ao  analagous  deposite  has  been  designated  by  M.  M. 
r  and  Brongniart,  who  discovered  it  overlying  the  chalk 
9  basin  of  Paris.  For  some  remarks  on  the  analogy  be- 
I  the  Plastic  clay  formations  of  Kngland  and  France,  the 
r  is  referred  to  a  communication  by  Mr.  Webster  on  the 
.  lying  over  the  chalk  in  the  second  volume  of  the  Trans- 
is  of  the  Geological  Society  (p.  200  &  seq.),  from  which 
ver,  it  may  be  advantageous  here  to  insert  the  following 
Aion.  ^  The  Plastic  clay  of  the  Paris  basin  is  described 
netinies  consisting  of  two  beds  separated  by  a  bed  of  sand, 
lower  bed  is  properly  the  plastic  clay.  It  is  unctuous, 
loos,  contains  some  siliceous  but  no  calcareous  matter, 
is  absolutely  refractory  in  the  fire  when  it  has  not  too 

a  portion  of  iron.  It  varies  tnuch  in  colour,  being  very 
'9  grey,  yellow,  grey  mixed  with  red,  and  almost  pure  red. 
clay  is  employed,  according  to  its  quality,  in  making  coarse 
ine  pottery  and  porcelain.  The  French  sands  are  of  great 
ty  of  colours.  A  species  of  imperfect  coal  occurs  in  the 
r  strata  of  the  Paris  basin.* 

is  noticed  above  that  this  formation  consists  in  England 
uily  of  beds  of  sands,  clays  and  pebbles.  The  sands  are 
i  almost  infinite  variety  of  colours,  at  Alum  Bay  on  the 
:  of  the  Isle  of  Wight ;  but  the  laad  appears  to  pass  into 


J8  Book  I.   Chap.  V.   Sect,  h    GenerfU 

sandstone  at  Stud  land  point  on  the  opposite  coast  of  Donet- 
shirc.  The  clays  also  are  of  yarious  colours  and  degrees  «( 
puritj-y  and  are  sometimes  laminated  :  thus  we  hare  fire  claj. 
brick  clay,  pipe  clay  and  potters'  clay,*  the  two  former  d 
Cheam  in  Surrey  and  at  Poole  in  Dorsetshire,  the  second  alK 
at  Reading  in  Berkshire  ;  the  two  latter  near  Poole  and  in  thi 
Isle  of  Weight :  an  argillaceous  rock  appears  as  one  of  the  bedf 
at  Neu'haven  on  the  coast  of  Sussex :  layers  of  chalk  flint  peb 
bles  are  found  in  Alum  bay,  at  Newhayen,  and  under  the  claj 
beneath  l^ndon.  Wood  coal  occurs  in  beds  in  the  Isle  ol 
\Vight,  in  Dorsetshire,  and  at  Newhaven.  Follers'  earth  h 
the  beds  at  Catsgroye  near  Reading  and  on  the  E^geware  road 
These  particulars  will  serve  to  shew  the  close  analogy  sabiM 
iug  between  the  beds  of  this  formation  in  England  and  Franoe 

(b)  Mineral  contents.  The  mineral  contents  of  these  bed 
do  not  appear  as  veins,  but  are  generally  intermixed  with  tkni 
clays  and  sands  of  which  the  formation  consists.  If  indeed  tb 
^al  found  in  this  stratum  is  to  be  ranked  among  its  minenl 
contents,  it  forms  an  exception  ;  being  uniformly  found  in  layee 
or  beds  parallel  with  the  sands  and  clays  above  and  below  it 
This  coal  however,  is  a  very  imperfect  one,  and  still  besf! 
decidc^d  marks  of  its  vegetable  origin  :  nevertheless  it  seeme^ 
to  demand  at  least  some  notice  under  the  head  mineral  contents 
It  will  be  ftpoken  of  more  at  large  at  treating  of  the  Organic 
remains  coiumou  to  this  formation. 

Pyrites  occurs  both  in  the  pure  white  clays  of  the  trough  d 
Coole  and  tlic  impure  beds  of  the  Isle  of  Wight ;  in  the  Uttei 
it  abounds,  and  owing  to  its  decomposition  alum  works  formerl] 
existed  in  Alum  bay.  (G.  Notes.)  A  thick  dark  blue  day] 
very  near  the  vertical  chalk  of  Alum  bay,  on  the  north,  am* 
tains  creen  earth,  and  uodules  of  a  dark  coloured  limestone 
Selonite  and  iibrous  gypsum  occur  both  in  Alum  bay  and  neai 
^ew haven  on  the  coast  of  Sussex,  and  mica  In  the  sand  of  die 
latter,  as  well  as  tubular  ironstone. 

(c)  Organic  remains.  The  organic  remains  of  this  formatiflii 

*  Patclies  of  PLutu  eiay  are  frequently  fbund  over  the  chalk  in  diffisnat 
places  iu  the  south  of  England ;  tome  of  thete  are  yellow,  and  are  emplo^ 
tor  the  common  sorts  of  pottery ;  l>|it  others  are  white,  or  greyish  WbtCi 
and  are  used  for  finer  purposes.  Th(e  coarser  clay  is  very  frequently  BMl 
with,  nor  arc  the  finer  kinds  of  very  rare  occurrence.  In  the  Isle  of  Wi^ 
two  species  of  plastic  white  clay  ara  worked  for  the  purpose  of  taskug 
tobacco  pii>es,  for  which  purpose  also  there  is  au  extensive  quarry,  litnW 
in  several  beds  of  white  clay,  on  the  banks  of  Poole  harbour  in  DorseCshiit^ 
and  about  two  miles  west  of  that  placf .  A  similar  clav,  which  is  used  fo 
snaking  ^^Uipots,  is  du^  frpm  the  banks  of  the  McJway.  A  fine  Ik^ 
Asli-coloured,  nearly  white  clay,  which  is  employed  in  the  poctery  WCW 
is  alio  duj;  at  Chcain,  ucar  Epsom  iu  Siirrey,    (G.  T.  voL  i*  p^  344.) 
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tODsist  of  ostres,  cerithix,  turritellac,  cy tliercsp,  cydaclos^  &c. 
together  with  tlie  teeth  of  fish,  imperfect  coal  partakiiii^  more 
or  less  of  the  woody  fibre,  and  sometinics  exhibiting  even  the 
branches  and  leaves  of  plants  :*  and  on  the  authority  of  Wilson 
Lowry,  E«q.  we  are  enabled  to  state,  that  in  sonir  beds  b(>Iong- 
ifig  to  the  plastic  clay  formation  in  the  immediate  vicinity  of 
Margate,  fossil  bones  have  lately  been  discovered. 

The  occurrence  of  organic  remains  in  the  different  beds  of 
this  formation,  is,  like  the  alternation  of  the  strata  composing 
it,  exceedingly  irregular ;  sonutimes  thfy  occupy  the  clay,  at 
other  times  the  sand  or  pel)bles,  and  very  frequently  are  want- 
ing in  them  all.  (G.  T.  vol.  iv.  p. '21/9.)  Theie  is  not  the 
smallest  trace  of  animal  or  vetr(>tal)le  remains  in  any  of  the 
strata  of  this  formation  at  Reading  in  Berkshirt',  except  in 
'the  jcreen  sand.  The  same  barrenness  of  or::anic  rt>mains  is 
noticed  in  the  purest  bed<  of  tlu'  French  plastic  clay,  and  by 
Mr.  Webster  (G.T.  vol.  ii.  p.  "iOO)  in  the  plastic  clay  of  the 
Isle  of  Wiglit  and  Corfe  Castle. 

(d)  Range  mid  extent,'^  The  sands  and  clays  of  this  for- 
mation, but  chieily  the  former,  are  visible  overlying  the  chalk 
of  the  f«ondon  ba«<in,  and  for  tli<'  most  part  skirt  the  H'hole 
district  occupied  by  the  London  clay,  btneath  \\liicli  they  also 
He.  The  highest  northern* point  at  \iUicii  this  formation  is 
Jeen,  is  two  or  three  miles  south-we«»t  of  Jladleigh  in  Ks^ex^ 
whence  it  borders  the  clay  to  about  live  miles  south -wist  of 
Braintree,  but  the  line  between  tluse  deposits  is  not  %vell 
ascertained ;  llalstead  and  Coggeshall,  and  the  inteniiediate 
tract  are  both  on  the  plastic  clay.  A;^<>in,  it  extends  from  Ware 
on  the  north  to  n^'ar  Edmonton  on  the  south,  over  Enfield  Chasey 
ud  passing  close  to  St.  Alhans,  it  skirts  the  ]^>udon  clay  to 
Uxbridge,  on  the  north  of  \\hicli  it  takes  a  westerly  directioa 
to  a  litthj  on  the  north  of  Beaconstii>l.i  in  RuckinghamshirCy 
and  thence  about  south  to  the  banks  of  the  Th:uiies.  It  is  seen 
tgain  at  Heading  in  Berkshire,  and  exten^U  tliriice,  though  not 
in  a  straight  line,  to  a  few  miles  beyond  llungcrford,  which 

•  Mr.  Webster  ascertained  that  the  vcy^ctal>]c!i  in  this  formation  at  New- 
htren,  ajp'ecd  with  thove  t'ound  in  the  L'aris  basin ;  one  of  these  was  the 
fruit  of  the  Palm  trte,  another  instance  of  the  occurrence  of  the  exotic»  uf 
a  narmer  climate.    (C.) 

The  north  of  France,  from  Beauvais  to  RciiTi<>  presents  a  marly  and  undj 

'  tract  containing  five  beds  off  wood  coal  resembling  those  of  the  Iidc  of 

Wight,  and  like  them  supporting  alternations  of  marine  and  fltiviatile 

dberis:  similar  facts  are  common  among  the  contemporaneous  formatiooft 

of  the  continent.     (C.) 

*  This  indication  of  the  exact  limits  of  this  formation  on  the  side  of  its 
jonction  with  the  I^ndon  clav,  must,  for  the  reasons  assigned  iu  triating 
of  that  formation,  be  regarded  only  w  an  approximation.    (C.) 
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may  be  said  to  be  its  extreme  point  on  the  west,  except  a  fen 
outlying  masses,  south  of  a  line  from  the  latter  place  to  Marl< 
borough  in  Wiltshire.  Turning  south  from  a  little  on  the  wtsi 
of  Hungerford,  to  the  foot  of  the  chalk  hills,  it  passes  east  h} 
Kingsclere,  Basingstoke,  and  Odiham  in  Hants,  and  Guildford 
in  Surrey  ;  thence  rather  in  a  north-easterly  direction  a  little  tc 
the  south  of  Croydon,  it  continues  to  skirt  the  foot  of  the  chaQ 
hills  by  Faniborough  and  Chatham  in  Rent,  and  thence  b] 
Milton  and  Ospringe  to  the  foot  of  Boughtoki  hill,  where  ii 
diyides,  passing  on  tlie  one  hand  in  a  north-e^terly  direction 
it  skirts  the  I^ondon  clay  to  Whitstable  on  the  coast,  and  oi 
the  other  nearly  east  to  Canterbury  (which  stands  on  the  bedi 
of  this  fonnation,)  to  the  coast  of  the  Reculver ;  whence  agail 
it  passes  to  the  south-west,  except  where  marshy  lands  inter* 
vene,  by  Sandwich,  which  is  built  upon  it,  a  little  to  the  soutl 
of  Deal* 

In  all  this  tract,  the  breadth  of  the  surface  occupied  by  th 
beds  of  this  formation  is  not  very  considerable,  scarcely  ex< 
ceeding  four  or  five  miles,  except  near  its  extreme  point  on  th< 
west;  where  it  may  be  said  to  occupy  a  surface  of  20  miles  ii 
length,  on  the  north  of  the  chalk  range  extending  from  Basing 
stoke  to  beyond  Tnkpen  beacon,  and  10  miles  broad  on  the  ave 
rage.  On  the  south  of  Woolwich,  the  tract  also  is  considerable 

This  formation  likewise  overlies  a  part  of  the  chalk  in  Dor 
sctshire,  Hampshire,  and  Sussex,  included  in  the  Isle  of  Wigh 
basin.  It  there  also  skirts  the  I^ondon  or  Blue  clay,  and  lie 
beneath  the  considerable  tract  of  that  clay  on  which  Lyming 
ton  and  Portsmouth  arc  built,  and  which  occupies  a  large  arei 
surrounding  them.  The  northernmost  point  in  which  the  bed 
of  this  formation  appear  in  this  basin  is  Houghton  hill,  aboai 
10  miles  on  the  west  of  Salisbury  in  Wiltshire,  except  that  i 
constitutes  Chidbury  hill  and  a  few  other  outlying  patches  <n 
the  north-west.  From  Houghton  hill  it  passes  eastward,  sootl 
of  a  line  by  Bishopstoke  and  Bishops  Waltham  over  Bere  forest 
which  consists  of  it,  to  Arundel  in  Sussex,  which  it  touches  d 
the  south,  quite  to  the  western  extremity  of  Brighthelmstone 
at  which  place  it  terminates,  except  un  outlying  portion  of  i' 
occupying  the  summit  of  the  chalk  cliff  on  each  side  of  New* 
haven  harbour.  From  Houghton  hill  it  passes  in  a  direct  liiM 
westward  towards  Salisbury,  within  about  a  mile  of  whicl 
place  it  turns  south  to  Fordingbridge'in  Hampshire,  and  thena 
if^  a  south-easterly  direction  by  Cranbourne  and  Bere  Regis  ti 
wUhin  two  or  three  miles  of  the  north-east  of  Dorchester  ii 
Porsetshire,  which  is  its  extreme  point  on  the  west,  excep 
|hat  it  eoverft  the  summits  of  two  or  three  chalk  hills  on  thi 
90t|thywest  of  it.     From  near  Dorchester  it  turns  eastwan 
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ftirting  the  foot  of  the  clialk  range  on  nhich  stands  Corfe 
cistle,  to  the  shore  of  the  Isle  of  Purbeck,  iu  StucUand  Bay, 
ind  again  forms  the  shore  df  Poble  Bay  on  llm  west  of  Poole 
to  Christchiirch  head. 

The  surface  occupied  by  these  beds  in  the  tract  between 
Hoaghton  hill  in  Wilts  and  Brighton  in  Sussex,  does  not  exceed 
fire  iifiles  for  the  first  half  of  ilie  way,  but  in  the  latter  half  it 
[  iipen  off  to  a  very  narrow  point  at  the  latter  place.  South  of 
\  the  line  between  Hoaghton  hill  and  Dorchester  its  breadth  is 
f  taore  considerable,  averaging  perhaps  eight  inil«>s,  and  occupy- 
[  ing  a  considerable  tract  on  the  west  of  Poole  hurbour,  termed 
the  Trough  of  Poole. 

Itfsagaih  visible  in  the  Isle  of  Wiglit,  where  the  extraor- 
^nary  appearance  of  this  formation  iu  t!u>  vertical  and  many 
rahmred  sands  and  clays  of  Alum  Bay,  will  require  further 
MKlce.  In  a  word  these  sands  and  clays  being  seen  nearly  in 
the  same  position  in  that  bay  on  the  west,  and  in  White  Cliff 
Biy  on  the  east,  leads  to  the  conclusion,  that  they  range  along 
the  island  between  the  London  clay  on  the  north  and  the  Chalk 
(nithe  south.  (G.  Map). 
(0    Surface  of  country.    The  surface  of  tliis  formsition  may 

iin  the  general  be  said  to  be  Hat :  on  the  north-east  of  Londori 
it  is  remarkably  so^  but  on  the  north  and  north-west,  as  on  the 
^  Mnth-west  of  Hertford,  it  attaint  coiisiderahle  elevation :  be- 
r  tweeo  Deptford  in  Kent  and  its  extreme  point  in  the  west,  it 
I  ttsomes  the  form  of  gentle  eminences.  Between  Houghton  hill 
io  Wilts  and  Brighton  in  Sussex,  the  country  it  occupies  is  very 
ftU  and  even  low ;  but  between  that  hill  and  Dorchester  its 
ladoiations  are  considerable  :  it  rises  into  a  range  of  consider- 
>ble  eminence  some  miles  on  the  5outh-east  of  Salisbury,  of 
which  Dean  hill  is  the  westermost  extremity,  and  again  a  few 
Utiles  on  the  west  of  liingwood  in  IlantH,  as  well  as  in  the' 
Trongh  of  Poole. 

(/)  Thickness.  The  thickness  of  this  formation  does  not 
ippear  to  have  been  ascertained  in  many  places.  At  Wormley 
End  near  AVormley  Bury  in  Hertfordshire^  and  just  beyond  the 
hoandary  of  the  I^ndon  clay  in  that  neighbourhood.  Sir  Abraham 
Hamc  fouir^  chalk  at  100  feet  below  the  surface.  (G.  Notes.) 
At  the  sinking  of  a  well  at  Liptrapaiid  Smith's  distillery,  one 
l&ile  east  of  London  (of  which  the  sinkings  are  given  under  the 
kad  of  local  details),  the  beds  of  this  formation  appeared  to  be 
104  feet  thick,  between  the  London  clay  and  the  chalk  ;  and 
from  100  to  200  feet  seems  the  average  thickness  round  Wool- 
wich. Bat  the  thickness  of  these  beds  appearing  in  the  vertical 
tlifi  of  Alum  bay  in  the  Isle  of  WW;ht  (see  PI.  i.  fig.  6)  is  no 
less  than    1100  feet.      It    was    however   very    possible    (('.) 
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that  their  Tcrtical  position  has,  by  pressure,  induced  a  Ter 
considerable  expansion  ;  indeed,  considering  the  loose  state  c 
the  sandy  b('ds,  this  can  hardly  have  failed  to  be  the  case. 

(g)  Inclination.  Sections  of  the  beds  of  this  formatio 
appear  in  the  cliffs  between  Lymington  and  Poole  in  Dorset 
shire,  where  they  lie  in  a  horizontal  direction.  (G.  T.  t.  { 
p.  1 89.)  But  on  the  opposite  shore  of  the  Isle  of  Wight  i 
Alum  bay,  they  are  in  a  vertical  position,  the  probable  cause* 
this  remarkable  circumstance  will  be  adverted  to  in  treating 
the  nearly  vertical  chalk  of  that  island.  It  must  however  be 
be  observed,  that  although  at  the  east  and  west  shores  of  tl 
Isle,  viz.  at  White  cliff  and  Alum  bay,  all  the  beds  of  this  fo 
mation  appear  to  be  vertical,  yet  in  the  more  central  parts  tk 
differ,  for  Newport  in  the  Isle  of  Wight  is  on  horizontal  strai 
The  organic  remains  which  have  been  found  in  perforating  the 
strata  to  the  depth  of  200  feet,  are  the  same  as  those  found 
the  vertical  roarles  and  clays  of  Alum  bay.    (W»  p.  178.) 

The  dip  of  the  beds  at  Chimting  near  Newhaven  on  t 
coast  of  Sussex,  is  conformable  with  that  of  the  chalk  on  whi 
they  lie,  viz.  about  20"  to  the  west.  (G.  T.  vol.  iv.  p.  29i 
That  of  the  beds  traversed  by  the  RedriJOfe  Tunnel  is  1.  in  ^ 
south.    (C.) 

SECTION  II. 

Local  details. 

Although  the  foremen  tinned  facts  may  be  considered  as  off) 
ing  a  general  view  of  the  principal  phoenomena  of  the  Plastic  cl 
formation  of  England,  it  will  be  impossible  to  do  that  just 
which  the  importance  of  the  subject  demands,  without  enter! 
considerably  at  large  into  the  particulars  which  we  have  be 
furnished  by  various  observers ;  especially  since  they  will  sei 
to  direct  the  attention  of  the  traveller  to  the  places  best  adapt 
for  observation,  which  are,  near  Reading  in  Berkshire,  n< 
London,  at  Newhaven  on  the  coast  of  Sussex,  near  Poole 
Dorsetshire,  and  in  the  Isle  of  Wight* 

(a)     Near  Reading. 

The  Catsgrove  brick  kilns,  distant  about  half  a  mile  from  i 
town  of  Reading,  on  the  south-west,  where  the  works  have  b< 
carried  on  for  more  than  a  century,  at  this  time  present  t 
following  section,  beginning  from  the  chalk  on  which  theh 
constituting  the  plastic  clay  formation  rest.  (G.  T.  vol. 
p.  278.) 
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Section  of  Catsgrove  IlilL  thickness 

No.  in  feet, 

1.  Chalk  containing  the  usual  extraneous  fossils  and 

black  flint unknown 

2.  Siliceous  sand  mixed  with  granular  particles  of 

green  earth,  and  containing  both  rolled  and  an- 
gular chalk-flints,  oysters,  and  many  small  and 
nearly  cylindrical  teeth  of  Osh  fiom  a  line  to  an 
inch  in  length 3 

3.  Quartzose  sand  of  a  yellowish  colour  with  a  few 

small  green  particles,  and  containing  no  pebbles 

or  organic  remains 5 

4.  Fullers'  earth 3 

5.  White  sand  used  for  bricks 4 

0.  Lowest  brick  clay  of  a  light  grey  colour  mixed 

with  fine  sand,  and  a  little  iron-shot 5 

7.  Dark  red  clay,*  mottled  with  blue,  and  occasion- 
ally a  little  iron-shot.     It  is  used  for  tiles.   ...       6    - 

S.  Bed  called  the  White  Tein.  A  fine  ash  coloured 
sand  mixed  witb  a  small  portion  of  clay  and  in 
some  parts  passing  into  loose  white  sand.  It  is 
used  for  bricks 5 

,  9.  Fine  micaceous  sand  laminated  and  partially  mixed 
with  clay,  and  occasionally  iron-shot.  It  is  used 
to  make  tiles 4 

10.  Light  ash-coloured  clay,   mixed  with   very   fir.e 

sand  of  the  same  colour.     It  is  used  for  bricks.        7 

U.  Dark  red  clay  partially  mottled  and  mixed  with 

grey  clay 4 

It.  Soft  loam,  composed  in  its  upper  region  of  fine 
yellow  micaceous  sand,  mixc>d  with  flakes  of  a 
delicate  ash  coloured  clay,  which  become  more 
abundant  in  the  deeper  portions  of  the  stratum, 
and  having  its  lower  regions  much  iron-shot,  and 
occasionally  charged  with  ochreous  concretions, 
and  decomposing  nodules  of  iron  pyrites.  It  is 
used  to  make  soft  bricks  for  arches 11 


Total     57 


•  The  red  clay  of  Reading,  on  the  north  of  the  Hog's  back,  and  at  Ea«t 
Horsier,  is  perfectly  identical  with  that  of  Meudon  in  France,  nor  have  I 
found  this  colour  equally  intense  in  any  other  clay.  The  pricks  made  of 
itts  clay  are  of  a  brigbt  Roman  ochre  cdour.    (O.  Notes.} 
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13.  AHuTium  composed  of  day,  sand  and  graTel,  the 
grayel  chiefly  consisting  of  chalk  flints,  both 
rolled  and  angular,  with  a  few  pebbles  of  quartz, 
and  of  brown  compact  sandstone.  This  alluTium 
is  covered  with  regetable  mould . 

The  oysters  of  No,  ^  are  remarkai#ly  perfect  when  firs 
ppen,  and  seem  to  have  undergone  no  process  of  mineralisi 
ihey  soon  fall  tp  pieces  by  expospre  to  ai?  and  moisture, 
chalk  flints  contained  ii^  it  are  many  of  them  in  the  st; 
small  rounded  pebbles ;   in '  others  the  angles  ^re  unbi 
Both  varieties  are  rpyered  with  a  crust  of  greenish  earth  < 
9ame  nature  with  the  green  particles  in  the  sand.     The  ai 
fUnts  appear  to  have  been  derived  from  the  partial  destr 
of  the  bied  of  chalk  immediately  subjacent,  of  which  the 
surface  in  contact  wfth  the  sand  is  copsiderfibly  decon^po 
the  depth  of  about  a  foot,  and  its  fissures  and  numerous 
tubular  cavities  (the  latter  derived  appi^rently  from  the 
of  organic  substances)  are  filled  with  granular  particles 
green'  earth  and  siliceous  sand,  the  incumbent  stratum. 

In  other  large  quarries  of  brick  earth  on  St^  David's  hill 
of  Reacjing,  ^nd  only  a  quarter  of  a  mile  distant  from  the 
grove,  many  of  the  subdivisions  noted  in  the  latter  dp  not  a 

The  prevailing  organic  remains  found  near  Reading  are 
shells,  and  these  are  found  only  in  the  lower  bed  consist 
sand  mixed  with  green  particles.     Teeth  apparently  of 
are  mingled  in  the  mass. 

(6)     Near  London. 

Very  little  attention  has  yet  been  given  to  the  beds  • 
formation  in^mediately  on  the  i^orth  or  nprth-east  of  tti 
tropolis,  but  Wopdward  mentions  oysters  as  being  foi 
the  north  side  of  the  Thames,  in  a  stratum  of  sand  that 
the  chalk  near  Hertford :  this  probably  is  one  of  the 
beds  of  this  formation.     (G.  T.  vol.  iy.  p.  ^93). 

A  section  of  the  beds  of  this  formation,  underlying  th 
clay  near  London,  is  given  below,  in  an  apcount  of  th 
passed  through  in  sinking  a  w^U  at  Messrs.  Liptrap  &  \ 
distillery.* 

*  Scctioq  afForded  by  the  sinking  of  a  well  at  Liptrap  8c  Smitb 
lery,  one  mile  on  the  east  of  London.    ( P.) 

Surface  of  ground  36  feet  above  high-water  mark. 

All  KrSnm         S  ^  ^^  ^  earth  and  other  substances 

Alluvium.  •..  J  22  feet  of  gravel  and  sand^containing  land  sjkrittgi 

London  Clay      77  feet  of  Blue  clay 
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the  south  of  London,  these  beds  occur  with  well  defined 
'ters,  at  Blackheath,  Lewisham,  Charlton,  Woolwich,  and 
I  west  of  Plamstead.  In  all  these  places,  the  thin  bed  next 

f  5  feet  of  sand— a  //r'^ff 
6  feet  of  soft  Blue  clay 
2  feet  of  a  ktnd  of  marl — yielding  seme  tvater 
j    9  feet  of  yellow  clay 
:  Clay  J  12  feet  of  Blue  clay  intermixed  with  mret 
ion. ...  I    9  feet  of  hard  brown  clay  mixed  witn  gravel 
I  1 2  feet  of  green-coloured  sand  and  gravel 
I  12  feet  of  small  gravel  and  sharp  wnd—a  gtod  tftritig 
I    1(  feet  of  green  coloured  clay 
\J^  feet  of  light-coloured  sana 

r  2  feet  of  6int  &  chalk;  mostly  flint ;  very  hard;  #  tfin$y[ 
I  36  feet  of  chfilk  &  flint— hard 

.^  23  feet  of  ditto  ........  somewhat  softer 

1  6S  feet  of  ditto a  s/^rmg 

Ijyj  feet  of  ditto no  water 

370 
he  first  29  feet  a  circular  well  12  feet  diameter, 
he  next  77  feet  (i.  e.  106  feet  from  surface)  10  Met  diameter, 
he  remaining  264  feet  bored  8  inches  in  diameter, 
water  from  each  of  the  springs  in  the  Plastic  clay  formation  and  tb^ 
rose  precisely  to  the  same  height,  via.  exactly  to  86  feet  from  tbe 
» and  therefore  to  tbe  high  water-^nark  of  tbe  Thames.  The  tpringa 
Dhalk  yielded  the  greatest  quantity  of  water. 

on  afibrded  by  the  sinking  of  a  well  at  Joseph  Foster's,  at  Bromley, 
ratford-Ie-Bow,  in  Middlesex.    (P.) 

un,  &c.     18  feet  of  loam,  clay,  gravel  and  sand 
1  Clay       44  feet  of  Blue  clay — waier/rtm  imeatk  it 
^  fl  feet  of  Blue  clay  f 

1  foot  clay,  sand  and  shells,  mixed     >  srfi  tmifrr 

4  feet  gTAvd,  sand  and  sbellt  j 

4  feet  fine  sand 

9  feet  blue  &  yellow  clay 

4  feet  sand  k,  shells,  with  large  lumps  of  pyritei — a  t^rmi 

of  soft  water,  sufficient  to  fill  a  24  mch  pipe 
9  feet  Blue  clay  with  abundance  of  broaen  thells,  some 
p,        J  resembling  oysters,  and  pyrites 

V^*y     1     1  foot  solid  limestone 

r  Black  sand  passing  into  small  round  pebbles  like 
I         the  Blackheath  pebbles 
22  feet<  Black  sand  veined 

J  Some  snull  pebbles  in  the  sand,  which  it  still  har4 
1^        and  compact 
9  feet  of  Blue  clay  very  hard  and  firm—^^lMtrj  sfrhg  of 
water,  which  threw  much  fine  whtee  sand  into  the 

)20 
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above  the  chalky  which  at  Reading  contaius  fishes  teeth  and 
oysters,  is  composed  of  a  similar  sabstance  of  loose  sand  mixed 
with  chalk  flints,  both  rolled  and  angular,  and  generally  coated 
with  a  dark  green  crust;  but  here  they  contain  no  orgmc 
remains^  and  seldom  exceed  two  feet  in  thickness.  Above  this 
thin  bed,  is  a  stratum  of  hne-grained  ash-coloured  sand,  desti- 
tute of  shells  or  pebbles,  and  varying  in  thickness  generally 
from  thirty  to  forty  feet.  The  stratum  is  seen  to  the  greatest 
advantage  in  the  Woolwich  sand-pits,  which  present  an  enor- 
mous artificial  section.    (G.  T.  toI.  ii.) 

The  clay  beds  of  the  Woolwich  pits,  and  of  Loam  Pit  hill  neai 
Lewisham,  contain  cerithia,  turritelle,  cythereas,  ostrea>  &c. 
which  occur  in  patches  in  the  stratum  of  rolled  flints,  and  sand 
coTcring  the  clay  beds  near  Woolwich.  This  shelly  stratum  maybe 
traced  hence,  along  the  slope  of  the  hills  oTerhanging  the  marshei 
of  the  Thames  through  the  parish  of  Charlton ;  a  part  of  the 
Woolwich  excavation  is  called  New  Charlton  hill,  and  there  are 

The  following  account  of  the  tunnel  at  Rotherhithe,  is  by  the  Rev.  W.D 
Conybeare. 

Tne  remarkable  attempt  to  carry  a  tunnel  beneath  the  Thames  at  Roclle^ 
hithe,  in  order  to  facilitate  the  communication  between  the  two  sides  of  du 
river,  was  carried  on  in  the  beds  of  this  formation  about  a  mile  on  the  loodi 
of  the  last  section,  with  which  therefore  it  furnishes  a  good  point  of  com* 
parison. 

Two  shafts  were  sunk,  one  on  each  bank,  between  50  and  60  feet  deep 
then  a  horizontal  tunnel  was  carried  from  the  bottom  of  the  bouthem  to 
wards  the  northern  shaft,  running  about  SO  feet  below  the  bottom  of  thi 
river ;  more  than  two-thirds  of  the  distance  had  been  excavated  when ) 
quicksand  supposed  to  communicate  with  a  hole  in  the  bottom  of  thedias 
nel  was  penetrated,  the  works  were  in  consequence  immediately  floodet 
and  abandoned. 

The  strata  rose  from  north  to  south  about  one  foot  in  30,  so  that  tb 
upper  bed  of  London  clay  which  exhibited  a  thickness  of  49  feet  ii  tb< 
north  shaft,  was  reduced  to  nine  feet  in  the  southern  ;  and  the  strata  peoe 
trated  in  sinking  the  latter  shaft,  were  again  cut  in  driving  the  tunnel,  oeinj 
brought  down  successively  to  its  level  by  their  inclination. 

1 .  I'he  London  clay  had  its  usual  characters,  the  upper  part  being  blue 
the  lower  variegated,  the  strata  occurring  beneath  it  were  as  follows ; 

feet     in. 
22.  Loose  watery  sand  and  gravel 26     8 

3.  Blueclay 3     O 

4.  Loam    5     1 

5.  Blue  clay  with  shells,  chiefly  cytherea    3     9 

6.  Hard  cunglomcrace  rock,  consisting  of  flint 

gravel  with  a  calcareous  cement 7     6 

7.  Light  blue  laminated  clay  with  pyrites 4     6 

It  is  obvious  that  no  ground  could  be  worse  chosen  for  the  purpose  thai 
this,  consisting  of  loose  strata  of  sand,  3cc. :  had  the  attempt  been  inad< 
where  the  channel  of  the  river  is  entirely  in  the  firm  London  clay 
it  would  probably  have  succeeded,  and  added  another  to  th«  wonders  o 
the  metropolis. 
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otben  almost  equally  extensiye  immediately  below  Charlton 
cbarch:  on  the  east  the  same  shells  muy  be  traced  as  far  as 
Plmnstcad ;  they  are  well  exhibited  in  a  ravine  just  beyond  the 
eist  side  of  Woolwich  common  in  that  direction  ;  the  detail  of 
tkie  beds  is  given  in  the  following  sections.     (C.) 

1.  Near  Plumstead  in  Kent, 

In  a  pit  about  a  mile  south-east  of  Plumstead  were  found 
Cerithia^  Turritellae,  Cythereae  and  Calyptrea  trochiformis 
Lia.  Trochus  apertus  Brander.  Arcs  glycemeres,  Areas 
utice,  and  many  minute  shells  in  good  preservation  but  ex- 
kienely  brittle,  and  having  tht:ir  surfaces  every  where  indented 
Vith  impressions  of  the  minute  sand,  which  is  especially  obvious 
ii  the  Cyclades.  On  the  heath  near  Crayford^  about  four  miles 
eut  of  Charlton,  long  vaulted  oysters  are  found  ;  and  about  two 
miles  further  in  the  parish  of  Stone,  is  Cockleshell  bank^  so 
ndled  from  the  great  number  of  shells  observable  in  it,  which 
ire  of  the  three  kinds  first  mentioned  above.  Fragments  of 
these  shells  are  frequently  turned  up  by  the  plough  in  the 
leighbourhood,  and  the  same  shells  have  been  found  at  Dart- 
brd,  Bexley  and  Bromley  to  the  southward,.  Near  Bromley 
tee  is  found  near  the  surface,  formed  of  oyster  shells  still 
idhering  to  the  pebbles  to  which  they  were  attached,  and 
irluch  arc  similar  to  those  occurring  in  the  beds  of  Chariton  and 
namstead,  the  whole  being  formed  by  a  calcareous  cement 
■to  a  coarse  shelly  limestone  containing  numerous  pebbles :  a 
|«rry  of  this  stone  is  worked  in  the  grounds  of  Claude  Scott, 
^u^.  The  Strombus  pes  pelican!,  and  a  species  of  cucuUaea,  in 
iilliceoiis  8tate,%  have  been  found  at  Faversham  lu  Kent,  in  a 
bad  of  dark  brown  sand  slightly  agglutinated  by  a  siliceoas 
ceaent,  and  lying  over  the  chalk.     (G.  T.  v..i.  p.  343 — 4.) 

4.  Wookokh  Pits.     (See  G.  T.  v.  iv.  pi.  13.  No.  1 .) 

No.  feet. 

1.  Chalk  with  beds  and  nodules  of  black  flint — 

2.  Green  sand  of  the  Reading  oyster  bed,  containing 

green  coated  chalk  flints,  but  no  organic  remains  1 

3.  Light  ash-coloured  sand  without  shells  or  pebbles  35 

4.  Greenish  sand  with  flint  pebbles 1 

5.  Greenish  sand  without  shells  or  pebbles 8 

6.  Iron-shot  coarse^  sand  without  shells  or  pebbles, 

and  containing  ochreous  concretions  disposed  in 
concentric  laminae 9 

7.  Blue  and   brown   clay,  striped,  full  of  shells, 

chiefly  cerithia  and  cythereae 9 
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8.  Clay  striped  with  brown  and  red,  and  containing 

a  few  shells  of  the  above  species 

9.  Rolled  flints  mixed  with  a  little  sand,  occasion- 

ally containing  shells  lilte  those  of  Bromley  ; 
e.g.  ostrea^  ceiithrum  Und  cjtherea,  dissemi- 
nated in  irregular  patches ] 

10.  All  avium.  ■  — 

Total  thickness    i 
No.  1  and  2  are  not  laid  open  in  the  great  sand  pits,  bat 
teen  in  a  chalk  pit  adjoining  to  the  eastern  extremity  of 
sand-pit. 

The  Woolwich  shell  beds  may  be  again  seen  on  the  we 
Blackheath  at  a  lock  of  the  canal  about  a  mile  above  ] 
Cross  towards  Croydon,  in  the  plain  that  lies  under  the 
side  of  the  Sydenham  hills.  At  this  lock  have  been  obsei 
ancilla  buccinoides,  cerithium  denticulatam,  cyclas  depen 
a  small  baccinum,  and  a  small  nerite.  (6.  T.  vol.  iv.  p.  2 
The  same  shells  (C.)  are  found  in  the  wells  between  Cam 
well  and  Deptford. 

It  is  mentioned  by  Woodward  that  the  Woolwich  shelh 
found  at  Camberwell  ^nd  Beckenham,  on  the  north-M-est 
loath-east  sides  of  the  Sydenham  hills.  They  also  occc 
the  following  places  in  the  same  line ;  namely,  Red 
tunnel,  Lewisham^  Blackheath,  Woolwich,  Beckenham j  Ch 
bursty  Bexley,  Cockleshell  Bank,  two  miles  south  of  S 
Fleet,  Windmill  hill  near  Gravesend,  and  Iligham  on 
Thames  and  Med  way  canal*  They  are  also  found  at  Ra 
well  hill  near  Rpsom^  and  at  Headley  between  Epsom 
Dorking.  (G.T.  vol.  iv.  p.  293.)  All  these  localities  (C; 
precisely  indicated  by  figures  in  the  map  accompanying 
memoir  on  this  formation  in  the  volume  referred  to.  Fui 
in  Kent,  near  Faversham,  the  ash-coloured  sand  of  this 
mation,  though  usually  destitute  of  fossils^  contains  silic 
arcai,  glycemeres  and  natica?  canrense. 

3.  Loarit  Pit  hUL     (G.  T.  vol.  iv.  pi.  13.  No.  a.) 

The  following  Section  at  Loam  Pit  hill,  near  Lewis! 
about  three  miles  south-west  of  Woolwich,  presents  anaL 
that  identify  many  strata  in  that  and  the  preceding  sectioi 
from  the  chalk  upwards-  to  No.  8,  in  each  inclusively  j 
principal  difference  consists  in  the  pj^esence  of  fewer  o 
pebbles,  in  beds  of  sand  evidently  contemporaneous, 
beds  presented  by  the  following  sections  cannot  all  be  obse 
at  one  place,  but  may  be  traced  along  the  sloping  surfai 
the  hill,  at  three  saccessive  apertures  near  each  othei 
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rper  stratum  of  each  lower  pit  if  dug  into^  and 
r  of  the  next  above  it. 


* 


Lower  pit.  feeU 

irlth  beds  and  nodules  of  flint . . . .  ^ — 

sand  identical  with  the  Reading  oyster 
and  in  every  respect  resembliog  No.  2  at 

wich .......•• 1 

loured  sand,  slightly  mi£aceonl,  without 

es  or  shells « Si 

though  below  the  general  floor  of  the  mid^ 
it^  is  sunk  into  it  by  deep  shafts. 

Middle  pit* 

green  sand  containing  pebbles  .........       S    ' 

bed  of  ferruginous  sand,  containing  dint 

es H 

nd  sand)  in  its  upper  part  cream- colodred, 
ontaining  nodules  of  friable  parley  in  its 

part  sandy  and  iron^shot  .4 4 

:hin  beds  of  clay,  of  which  the  ilpper  and 

contain  cytherez,  and  the  middle  oystefi      J 

I 

Upper  pit. 

sh  clay  containing  cythereae ^  ^ . . .     -^ 

lowest  bed  sunk  into  the  Upper  pit,  and 
;  there  penetratod  to  a  depth  exceeding 
»ot.  The  interval  between  this  and  No.  7^ 
I  occupies  the  summit  of  the  middle  pit,  ia 
xactly  ascertained,  but  cannot  be  con^ 

ble,  probably 6 

>loured    clay  containing    impressiotiiS  of 

; « 

sand * ,       9 

loam  and  plastic  clay,  containing  a  few 
cal  casts  of  shells,  ana  some  thin  leaves 

.ly  matter «....«....     10 

sand^  yellow,  fine  and  iroH-shot 10 

m.  ■   ■ 

Total     91 

till  higher  in  the  hill  lies  a  imi8§  of  the  LoiidiMi 
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Similar  bads  maj  be  traced  round  the  sloping  terrace  thrfl 
bounds  the  north-west  and  soath  sides  of  the  plais  of  Blacks 
heath,  the  surface  of  which  consists  of  a  bed  of  rounded  peb^ 
bles,*  about  30  feet  thiek;  beneath  this  is  a  6ed  of  ssttd, 
identical  with  No«  13  of  Loun  Pit  hill,  resting  on  another  or 
plastic  clay,  which  supports  the  water  of  all  the  wells  on 
filackheath,  and  possesses  the  same  peculiar  dark  red  c^oar 
with  the  plastic  clay  of  Reading,  Corfe  Castle,  and  Paris,  and 
has  been  used  for  pottery .f     Beneath  this  clay,  the  Woolirick 
shell  beds,  and  subjacent  thick  ash-coloured  sand,  are  te  be 
seien  in  several  parts  of  the  sloping  terrace  that  surrounds  ths 
Blackheath  plain.  Under  these,  on  the  north  side,  appean  tW 
chalk,  separated  from  the  ash-coloured  sand  by  the  same  tbis    i 
pebble  bed  as  at  Reading* 


•  The  bed  of  pebbles  corering  Blackheatli  consiftt  alriioeC  wfaoRy  o^ 
rolled  chalk  flints^  tuch  at  the  neighbourinff  strata  Qf  the  plastic  clay  kh 
mation  contain  abundantly,  and  from  which  they  were  probably  derirdtf 
(G.T.  voLiv.  p.  291.) 

The  Hirthrdthirt  jttid£ngttone  is  composed  of  ovate  siliceotts  pcbbUi  of 
various  cofours  imbedded  in  a  siliceous  cement.  These  pebblts  appor 
to  be  no  other  than  altered  chalk  flints  of  the  same  ssm  with  tbow  found  it 
Blackheath,  and  difiering  only  in  their  being  united  by  the  cement.  Maof 
of  the  purest  varieties  of  the  Blackheath  pebbles,  if  polished,  are  enctif 
similar  to  those  of  the  Hertfordshire  puddingstone.  Lal^  blocks  of  s 
coarse  variety  of  the  same  siliceous  puddingstone  are  not  aocommon  on  tbs 
surface  of  the  chalk  in  the  south  of  Englaind ;  as  at  Bradenhara  near  Hfb 
Wycombe  in  Bucks,  at  Nettlebed  in  Oxfordshire,  at  Portesbam  ocir 
Abbotsbury  in  Dorsetshire,  and  in  Devonshire.  They  have  mit  Vet  beoi 
found  imbedded  in  their  native  stratum,  which  seems  to  have  been  (Kstrofti 
extensively  above  the  English  chalk,  and  to  have  beci>  a  member  of  ufH 
series  of  irregular  alternations  t)f  beds  of  clay,  sand,  and  gtavd,  eithd' 
separate  or  mixed  together,  which  has  been  designated  the  Phutic  cby 
formation.    (O.T.  vol.  iv.  p.  301.) 

f  It  is  probable  that  the  plastic  day  contains  at  Blackheath^  as  at  Corfr 
Castle,  Alum  bay,  and  Loam  Pit  hflf,  the  remains  of  vegetable  matter 
approaching  to  coal ;  and  that  this  circumstance  has  given  oriein  to  the 
erroneous  opinion  so  prevalent,  that  there  is  good  co^  at  Blacabeatb,  if 
government  would  allow  it  to  be  worked. 

The  very  high  improbability  of  finding  good  coal  above  the  chalkt  a 
acknowledged  by  ail  who  have  even  the  smallest  acquaiatance  with  the 
English  coal  mines.  The  presence  of  black  vegetable  matter  in  a  itste 
approaching  charcoal,  in  almost  all  our  secondary  argillaceous  strata,  b** 
caused  endless  vain  attempts  to  search  for  oseful  coal,  in  formations  wbef* 
the  discovery  of  that  substance  would  be  contrary  to  all  experience  ia  dni 
country.  No  good  coal  has  I  believe  been  yet  found  in  England  in  my 
stratum  more  recent  than  the  new  red  sandstone,  or  red  rock  marie.  Hat 
of  the  Cleveland  moors  in  Yorkshire  bein^  above  the  Has  and  in  the  ooliw 
formation,  is  of  so  bad  a  quality  as  scarcely  to  form  an  exception  to  tM' 
position.     (G.T.  vol  iv.  p.  389) 


4.  Near  Bromley  in  Kent. 

Bnndridge  park  near  Bromley  in  Kent,  is  an  immense  de* 
A  shells  peculiar  to  the  Plastic  clay  formation,  accumu- 
nmfnsedly  in  a  bed  of  loose  sand  and  pebbles.  Of  these 
some  are  broken,  and  others  entire  and  delicately  pre* 
.  They  are  also  sometimes  fixed  together  by  a  calca* 
cement  (derived  apparently  from  the  substance  of  the 
themselves),  forming  a  hard  breccia  with  the  siliceous 
»  and  sand  in  which  they  are  imbedded.  A  <«imilar 
a  was  sunk  into  in  the  workings  of  the  Redriffe  tunnel, 
from  the  bed  at  Bromley,  adds  the  Rev.  W.  huckland, 
imen  in  which  five  oyster  shells  are  so  affixed  to  the 
te  sides  of  a  large  kidney-shaped  pebble,  that  they 
:o  have  commenced  their  first  growth  on  it,  and  to  have 
Utached  to  it  through  life,  without  injury  by  friction 
he  neighbouring  pebbles :  we  cannot  but  infer  then  that 
pebbles  received  their  form  durmg  a  long  period  of  agi« 
»  which  was  succeeded  by  a  period  of  repose,  in  which 
they  were  in  a  state  of  sufficient  tranquillity  for  the  shells 
stion  to  live  and  die  undisturbed  in  the  midst  of  them. 
.  vol.  iv.  p.  300.) 

5.  Near  Emell  in  Surrey, 

Ewell  in  Surrey,  the  clay  of  this  formation  is  worked  as 
elmy ;  it  occurs  in  two  or  three  layers  of  different  quali- 
Ising  from  under  the 'edge  of  the  London  clay.  The 
most  of  these  beds  is  of  a  reddish  colour  with  blue  veins; 
»t  is  a  bed  of  clay  about  three  feet  thick,  not  unlike 
's  earth ;  and  this  rests  upon  sand  of  a  simil;ir  brown 
';  beneath  which  may  be  seen  the  lower  bed  of  white 
and  under  that  the  chalk.  These  beds  of  clay  and  sand, 
,  in  various  proportions,  are  manufactured  into  tiles  and 
(  for  ovens,  furnaces,  &c.  where  great  heat  is  to  be  with* 
The  lower  sand  may  be  seen  to  rest  on  the  chalk  on 
iith  side  of  Addington  hills,  at  Croomhurst,  and  in  the 
bouring  part  of  Surrey.     (Middleton. '  C.) 

(c)  At  Newhaven  in  Sussex. 
I  beds  of  sand  at  Newhaven  on  the  coast  of  Sussex,  enclose 
belonging  to  the  genera  cerithium,  cytherea  and  ostrea, 
ler  with  pyritous  casts  of  them ;  fruit  of  one  of  the  palm 
with  the  fibres  distinct,  and  impressions  of  leaves.  There 
I  a  thick  bed  of  blue  clay  containing  marine  fossils,  which 
ifferent  from  those  usually  found  in  the  London  clay, 
f  ing  beds  of  marie  and  clay  containing  coal^  which  are 

o2 
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proYed  bj  the  organic  remains  they  contain,  to  belong  to  tb 
rlMtic  cJaj  formation.    (G.  T.  vol.  ii.  p.  101.) 

A  Bimilar  depoBition  of  sand  to  that  of  Reading,  contaima 
a  breccia  of  chalk»flints  as  its  lowest  stratum  (about  three  f« 
thick),  lies  between  Newhaven  and  Beachy  Head  on  the  coast  < 
Sussex,  in  the  cliff  at  Chimting  castle,  half  a  mile  on  the  ea 
fide  of  Seaford*  The  sand  is  here  fawn-colonred,  with  sma 
tfakes  of  mica,  and  occasionally  contains  irregular  veins  ao 
masses  of  tubular  concretions  of  iron«stone.  Its  greatest  thick 
ness  is  under  50  feet.  Under  this  sand,  the  breccia  of  tli 
lowest  bed  forms  an  ochreous  pudding*stone,  composed  of  sao 
pnd  chalk  flints  (the  latter  both  roiled  and  angular),  the  whol 
being  strongly  united  by  a  ferruginous  cement,  and  the  fiini 
being  covered  externally  by  a  green  coating  like  those  in  th 
oyster  bed  at  Reading  in  Berkshire.  The  chalk  rises  suddenl 
to  a  lofty  cliff  on  the  east  side  of  the  flat  ground  that  lies  bi 
tween  Newhaven  and  Seaford,  dividing  the  beds  of  the  Plasti 
ipUy  formation  at  Newhaven  from  their  outlying  fragments  i 
C^mting,  with  which  they  were  probably  connected  beiSii 
the  excavation  of  the  valley  of  the  Ouse.  At  Chimting  castl 
there  is  but  a  small  insulated  portion  of  the  sand  and  breed 
incumbent  on  the  chalk;  the  sand  soon  ceases  in  ascenda 
the  hill  eastward  from  the  castle,  and  afterwards  the  brecdi 
having  formed  a  thin  cap  on  the  chalk  for  a  short  distano 
disappears  a  little  below  the  signal-house,  about  one  mile  m 
of  Seaford  ;  between  which  and  Beachy  Head,  it  is  believi 
that  nothing  appears  on  the  chalk  but  occasional  patches  \ 
alluvial  sand  and  gravel.  But  on  the  west  side  of  the  Oai 
at  Newhaven,  the  breccia  appears  covered  by  the  sand  Ii  I 
Chimting  castle ;  differing  only  in  being  less  firmly  cemenlisJ 
but  appearing  equally  identical  with  the  oyster  bed  at  Readim 
(G.  T.  vol.  iv.  p.  294—5.) 

Section^  of  the  Castle  hill  at  Newhaven,  commenoingi 
(he  lowest  bed.    (G.  T.  vol.  iv.  p.  300.) 

No,  feet 

1.  Chalk,  containing  alumine,  in  hollows  on  its  sur- 

face       50 

2.  Breccia  of  green  sand  and  chalk -flints,  the  latter 

covered  with  a  ferruginous  crust 1 

8f  Sand  varying  from  yellow  to  green  and  ash- co- 
loured   , 80 

*  Tl)ese  beds  appear  a|raio  00  the  opposite  tborei  of  France,  near  Dteppf 
fk  the  tane  relative  position. 
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t.  Series  of  clay  beds  containing  coaly  matter^  sele- 
nites  and  fibrous  gypsum,  also  leaves  of  plants, 
and  salphur-coloured  clay 20 

).  Foliated  blue  clay  containing  cerithia  and  cy- 
clades  and  a  few  oysters.  In  this  clay  is  a 
seam  of  iron  pyrites  about  an  inch  thick,  with 
pyriticaJ  casts  of  cyclades  and  cerithia 10 

•  Consolidated  argillaceous  rock  full  of  oysters, 
with  a  few  cyclades  and  cerithia 5 

f  Alluvium  full  of  broken  chalk  flints  mixed  with 
saod  ., 10 

(<f)     Dorsetshire* 

tiers*  clay  is  described  by  Dr.  Berger  as  alternating  with 
Nwe  sand  of  this  formation  in  the  trough  of  Poole,  in  beds 
rious  thickness  at  different  depths,  and  he  sa^s  that  from 
sory  chemical  examination  by  Dr.  Marcet,  the  existence 
imine,  lime,  magnesia,  oxide  of  iron  and  silica  were  dis* 
ed  in  it.  It  feels  greasy  and  smooth,  its  colour  varies 
ash-grey  to  blue,  its  fracture  is  a  little  shining  and  un- 
it contains  cylindrical  blue  nodules,  (called  pins  by 
'oriimen)  of  a  more  close  texture,  in  which  there  is  pro* 
r  a  greater  proportion  of  the  oxide  of  iron.  This  clay  is 
'JO  Stafbrdshire  where  it  is  mixed  with  ground  flints,  and 
»yed  in  the  finer  kinds  of  pottery.  Its  specific  gravity  is 
I.  Beneath  this  potters'  clay  lies  a  seam  of  some  thick- 
of  an  extremely  friable  earthy  brown  coal,  which  crumbles 
eces  when  put  into  water.  It  bums  with  a  weak  flame, 
hig.a  paKicular  and  rather  fragrant  smell  of  bitumen, 
what  analogous  to  that  of  Bovey  coal,  but  is  of  less  specific 
ty.     Pins  of  play  frequently  traverse  it.    (G.  T.  vol.  i. 

4.) 

1  along  the  north  side  of  the  range  of  chalk  hills  which 
id  from  Hand  fast  point  to  beyond  Corfe  Castle,  there  is 
ctensive  stratum  of  pipe  clay  in  a  horizontal  position.  It 
lins  a  bed  of  coal  so  exactly  resembling  that  of  Alum  bay, 
this  circumstance,  added  to  the  quality  of  the  clay,  and 
)sition  above  the  chalk,  is  sufficient  to  idi^ntify  it.  The 
stratum  of  clay,  though  not  of  equal  quality,  may  be 
d  in  the  hills  near  Poole,  and  is  found  in  many  parts  of 
extensive  tract  called  the  trough  of  Poole.  (  VV .) 
iave  beeq  favored  by  S.  L.  Kent,  Esq.  M.G.S.  with  the 
ring  section'  afforded  by  a  Quarry  of  Pipe  clay,  situated 
le  borders  of  Poole  harbour^  and 'about  two  miles  w  eat  of 
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Send  and  water.    About  |he  lerel  of  Poole  harbour. 

m.  White  sand  and  frit  about  10  feet,  h  h.  Brown  day  4  f.  and  I  f.  i 
€€cc.  Beds  of  white  pipe  clav,  3  to  5  feet  each,  4  Red  sand  t 
€t€t.  Black  sand,  1  to  3  ieet  thick. 

The  frit  (as  it  is  termed  by  the  qaarryroen)  appears  to  i 
fist  of  uhite  and  browa  sand,  agglutinated  bj  an  iroa- 
cement,'  The  upper  stratum  of  brown  clay  is  used  for 
bricks ;  of  the  other  and  thinner  beds  of  brewn,  and  also  ol 
black  clay,  no  use  is  made.  In  the  white  pipe  ckiy  are  fc 
Boduks  of  indurated  clay  with  pyrites,  llie  sand  on  m 
these  beds  lie  is  nearly  level  with  high  water  mark  in  F 
harbour.    (P.) 

Studland  is  near  a  romantic  range  of  clifiTs  which  end 
narrow  neck  of  land  called  the  Southhaven  point,  and  fon 
the  southern  entrance  to  Poole  harbour :  the  cliffs  ar^ 
compact  yellow  sandstone  in  which  are  seTeral  grottM 
cavities*    (G.  Notes.) 

(e)     Isle  of  Wight. 

The  stratum  next  on  the  north  to  the  nearly  vertical  c1 
of  Alum  bay,  is  chalk  marie  (see  PI.  2.  fig.  6.),  then  sua 
green,  red,  and  yellow  sand,  together  about  60  feet  in  th 
nessy  and  in  the  same  position,*  and  afterwards  a  bed  of  i 
blue  clay,  about  200  feet  thick,  containing  much  green  e 
and  nodules  of  a  dark  coloured  limestone  enclosing  a  few  f 
sjiells  mentioned  below :  next  on  the  north  follows  a  vast 

*  The  probable  cause  of  the  rertical  position  of  these  beds  in  Alufl 
w31  be  mentioned  in  treating  of  the  chalt  of  the  Isle  of  Wight. 
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fnmn  of  beds  of  land  of  various  colours,  321  feet  in  thick- 
■Ns;  next  to  which,  and  in  the  middle  of  the  baj,  is  a  Mfvj 
■nsroas  succesMon  of  beds,  which  contain  a  large  proportion 
sf  pipe  claj  of  various  colours,  white,  yellow,  grey  and  black- 
irii:  these  alternate  with  beautifully  coloured  sands.  The 
cky  is  sometimes  in  beds  several  feet  in  thickness,  without 
my  admixture,  and  sometimes  in  laminae  not  a  quarter  of  au 
iBch  thick,  with  sand  between  them :  the  whole  being  about 
543  feet  in  thickness.  Near  the  middle  of  those  latter  beds 
ire  three  beds  of  a  sort  of  wood  coal,  the  vegetiible  origin  of 
vhich  is  distinctly  pointed  out  by  the  fruits  and  branches  stiU 
x»be  observed  on  it.  It  sometimes  splits  into  irregular  layers 
n  the  direction  of  the  bed,  and  the  cross  fracture  is  dull  and 
ftrthy.  It  burns  with  difficulty  and  with  very  little  flame, 
{hing  out  a  sulphureous  smell.  About  150  feet  in  the  north 
ft  five  other  beds  of  coal  similar  to  the  preceding,  each  a  foot 
Uck.  On  the  north  of  the  vihole  of  these  beds  of  sand,  cLaj 
ad  coal,  of  543  feet  in  thickness,  are  several  layers  of  large 
rater- worn  black  flint  pebbles,  imbedded  in  deep  yellow 
lad ;  to  which  succeeds  a  stratum  of  blackish  clay  with  much 
Tceo  earth  and  septaria^  250  feet  in  thickness,  and  analagous 
othe  London  clay*    (G.  T.  vol.  ii.  p.  184.) 

These  strata  extend  quite  across  the  isle  in  a  vertical  po* 
itioB,  keeping  parallel  to  the  chalk,  and  appearing  again  at 
Vhite  Cliff  bay  on  the  east  end ;  where,  however,  they  are 
■Kh  concealed  by  gra«sy  slopes.  I'he  sands,  raarles,  and 
iayi  are  of  CTery  possible  variety  and  shade  of  colour,  giving 
othe  cliff  in  Alum  bay,  nhich  is  about  200  feet  high,  when 
'iewed  at  a  little  distance,  a  vory  beautiful  appearance.  The 
nmber  and  variety  of  these  vertical  layers  is  endless :  they 
nay  be  compared  to  the  stripes  on  the  leaves  of  a  tulip,  and 
IK  almost  equally  bright.  On  cutting  down  pieces  of  the  cliff, 
■I  is  astonishing  to  see  the  brightness  of  the  colours,  and  the 
delicacy  and  thinners  of  the  several  layers  of  white  and  red 
luid  (some  of  which  do  not  exceed  the  eighth  of  an  inch), 
|kie  and  white  sand,  yellow  clay,  and  white  or  red  sand,  and 
■■deed  almost  every  iinagiiiable  combination  of  these  materials. 
Ilie  forms  of  particular  parts  of  this  cliff,  wben  viewed  near, 
ttd  from  the  beach,  are  often  of  the  most  picturesque  and 
tvfn  sublime  knid,  resembling  the  weather*wom  peaks  of 
Upioe  heights.  The  fact  i^,  that  the  rain  and  weather  has 
*om  away  the  softer  parts,  leaving  the  more  solid,  sharp  and 
Hrfnted.     (W.  p.  160.) 

Among  other  fossil  shells,  too  imperfect  for  the  discovery  of 
Heir  genus,  were  found  cythereae  and  turritellse  in  masses  of 
ia:k  coloured  limestone  In  tlie  thick  stratum  of  blue  clay,  a 
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little  on  the  north  of  the  nearly  vertical  chalk  of  Alom  1m 
(G.T.  Tol.  ii.  p.  191.)  The  fossil  coal  of  the  sefenl  be 
alreadj  mentioned,  and  of  which  the  yegetable  origin  is  di 
corerable  bj  the  fruits  and  branches  still  ohsenrable,  bar 
with  difficulty  and  with  rery  little  flame,  giving  out  a  sa 
phureoos  odour.  Eight  beds  occur,  each  about  a  foot  Ibid 
(W.) 


APPENDIX.  ♦ 

On  the  Formatiom  above  the  Chalk  in  YorkMte  on 

Lincolnshire. 

The  northern  extremity  of  the  formations  abote  the  diilk  f 
Lincolnshire  and  Yorkshire,  separated  from  the  main  tra^  ( 
the  London  basin  by  the  «stuary  of  the  Wash,  has  not  yet  bes 
satisfactorily  explored,  and  has  been  too  hastily  considers 
as  entirely  concealed  by  alluvial  or  diluvial  deposits ;  but,  froi 
the  following  sources  of  information  it  should  appear  that  th 
Is  far  from  being  universally  the  case,*  and  that  the  regak 
substrata  may  be  observed  through  considerable  tracts;  th 
district  therefore  seems  to  merit  a  particular  notice  :  since  hoi 
ever  the  intelligence  to  be  gleaned  is  too  scanty  to  identify  tl 
exact  t^lace  of  the  strata  mentioned  in  the  regular  series,  it  h 
been  determined  to  throw  them  together  in  this  article. 

The  south-east  angle  of  Yorkshire  from  Bridlington  bay  t 
Spurn  head,  known  under  the  name  ofllolderness,  is  peninsalatc 
by  the  Hull  river,  which  is  skirted  on  cither  side  by  a  broad  tra> 
of  marsh  land,  protected  from  the  incursions  of  the  high  tidi 
by  its  embankm'^nts  only ;  a  breach  in  which  would  reduce 
to  the  state  of  an  island,  separated  bv  a  strait  abont  six  mill 
broad  from  the  chalk  hills  of  the  Wolds.  These  marshes  ai 
remarkable  for  the  occurrence  of  the  remains  of  an  extensit 
forest  at  the  level  of  the  present  low-water-mark,  which  ma 
be  traced  at  the  same  level  round  the  coast  of  Holderness  an 
through  Lincoln  ;  this  will,  on  a  future  occasion,  form  an  ii 
teresting  subject  of  inquiry  (see  Book  VI) ;  at  present  our  coi 
cem  is  with  the  regular  strata. 

The  district  of  Holderness  rises  from  these  marshes  into  lo 
hills,  which  face  the  sea  with  a  line  of  cliffs  sometimes  exceed 
ing  100  feet  in  height,  remarkable  for  the  rapid  encroachmen 
of  the  sea,  which  in  these  quarters  seems  more  than  once  ) 
have  gained  on  the  land,  and  again  relinqitished  its  contests* 

*  By  the  Rev.  W.  D.  Cunybeare. 
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Pennant,  in  the  introdaction  to  his  Arctic  Zoology,  describes 
(bese  cliffs  as  being  verj  lofty;  as  extending  from  near  the 
village  of  Homsey  on  the  soatb  of  Bridlington  bay  to  Spura 
Head,  as  consisting  of  brown  clay,  and  containing  amber ;  these 
fvticnlars  seem  to  indicate  the  formations  of  either  Londoft 
diy,  or  Plastic  clay. 

Or.  Alderson,  in  a  paper  on  the  geology  of  the  neighboor^ 
kod  of  Hall  and  Beverley,  pablished  in  the  third  Tolnme  of 
Nicholson's  Philosophical  Journal,  considers  the  hills  of  llo!« 
deraess  as  allovial  accumulations  heaped  upon  the  sub*marine 
itrest  before  mentioned ;  which,  from  its  level  on  both  sides, 
le  thinks  must  extend  beneath  them,  and  mentions  a  spot  on 
tile  coast  (at  Seathorm  and  Withemsea)  where  that  forest  may 
now  be  traced  within  100  yards  of  the  cliff;  which,  from  its 
lifiid  wasting  away  by  the  sea,  must  he  thinks  formeriy  ba?tt 
covered  it ;  but  this  observation  seems  scarcely  strong  enongb 
to  warrant  his  conclusion :  he  describes  the  district  as  com» 
fsifd  partly  of  gravel,  partly  of  clay,  variously  mixed  with 
tktUiy  with  here  and  thcfre  particles  of  culm  or  powdered  eoai^ 
a  description  much  resembling  that  of  the  Plastic  clay  strata. 
The  superficial  gravel,  however,  is  most  probably  an  alluriudi 
Kstiag  on  these  strata,  since  it  is  said  to  contain  fragments  of 
•ider  rockS)  apparently  brought  by  a  current  from  the  north. 

In  boring  beneath  the  marshes,  they  are  found  to  rest  on  a 
itiatum  of  sand ;  beneath  this  occurs  a  bed  of  cby,  which 
iaally  reposes  on  the  chalk.  There  we  undoubtedly  have  the 
hver  members  of  the  Plastic  clay  formation— these  beds  are 
hsrftootal,  the  chalk  beneath  dips  slightly  to  the  east,  five 
lakds  fai  the  mile — the  springs  which  percolate  through  the 
Mk  rising,  on  penetrating  the  clay,  to  the  level  of  the  marshes. 
There  can  be  no  doubt  that  the  substrata  concealed  beneath 
the  marshes  along  the  adjoining  coasts  of  JUncoinsliirt^  art  simi* 
isr  to  the  above* 
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5jMM»iyfM^*'*-Thi8  clau  includes  generallj  all  the  second 
formations  more  recent  than  the  great  Coal-depout,  1 
between  it  and  the  Tertiary  or  Newest  Floeta  class.  As 
first  Fketi  limestone  of  Werner  corresponds  with  the  Ion 
calcareous  formation  of  this  order,  it  maj  be  said  to  be 
extensiTe  with  the  Flosti  class  of  his  school,  as  distingaisl 
frotn  the  Newest  Flotts ;  but  some  Wemerians  include 
Coal-de|iosits  among  the  Flosti,  while  others  ^efer  then 
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*  Priiited  V.  &  VL  by  nuuke,  being  IV.  &  V. ;  the  List  coneeqaentlj 

fhoold  have  bcoi  Section  VL 


Book  II.    SUPERMEDIAL  ORDER. 


ItUrodueiion.  * 

r  ti  the  object  of  this  diTision  of  oar  work,  to  comprise  Ike 
ral  formatioiis  which  intervene  in  descending,  from  those 
ii  have  been  described  in  the  former  book,  to  the  coal ' 
iores. 

lis  series  of  strata  comprises  several  distinct  gronpes  well 
Led  from  each  other,  and  therefore  entitled  to  the  name 
parate  formations ;  but  since  many  general  relations  and 
>gies  pervade  the  whole, — since  thej  are  natnrallj  linked 
tber  and  appear  to  have  been  the  saccessive  p^dncts  of 
lame  order  of  causes,  acting  gradually  indeed  and  accu- 
iting  deposits  of  various  kinds  in  distinct  periods,  but  yet 
out  the  intervention  of  any  violent  and  abrupt  change, — ^it 
)een  judged  expedient  to  include  them  all  under  one  title 
ar  more  general  classes,  in  order  to  avoid  the  needless 
liplication  of  these  greater  diviuons,  the  principal  use  of 
:h  consists  in  the  assistance  they  afford  to  the  memory  of 
student.  To  thb  class  we  have  assigned  the  name  Super- 
lial,  from  the  position  it  occupies  immediately  above  the 
I  series,  which  forms  the  middle  order  in  our  arrangement, 
formations  which  compose  it,  have  been  included  by  other 
on  under  the  term  Secondary  or  Floetz  rocks ;  but  since 
I  these  names  have  been  made  to  comprise  also  the  series 
ocks  constituting  the  coal  districts,  which  (as  forming  a 
ing  and  strongly  marked  natural  division,  and  belonging 
ently  to  a  very  different  order  of  things)  clearly  demand 
parate  classification,  it  became  necessary  to  adopt  a  new 
distinctive  denonunation.  And  it  may  be  further  oosenred, 
of  the  old  appellations,  that  of  secondary  is  objectionable, 
inse  it  stands  property  distinguished  from  primitive  rocks 
',  and  never  ought  to  hare  been  retained  after  the  Wemerian 
rpolation  of  the  transition  class;  since,  strictly  speaking,  the 
;s  of  that'  class  are  themselves  universally  of  secondary 
lation.  The  appellation  floetz,  or  horizontal,  is  still  worse, 
ntse  it  conveys  a  descriptive  idea  which  is  only  partially  in 
»rdance  with  the  facts  of  the  case,  being  founded  on  cir* 
•tanees  falsely  assumed  to  be  universal  or  even  general ; 

*  By  the  R|7V.  V.  D«  ConyUarc. 
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for  although  in  England  and  other  low  countries  these 
mations  are  usnallj  found  with  an  horizontal  stratificatioD^ 
in  the  borders  of  the  Alps^  in  the  Jwa^SSain,.  and  general] 
the  Ticinit  J  of  all  Tery  lofty  mountain  tracts,  they  are  as  nsi 
found  in  elevated  and  contorted  strata,—  an  important  1 
which,  as  we  shall  hereafter  hare  occasion  to  see,  throws  % 
light  on  the  questions  which  have  be^n  agitated  concer 
the  causes  of  such  phcenomena  and  the  elevation  of  moui 

chains.  ... 

"  ■■■■■  f  I    '     I  ,    , 

t  "She  general  class  thus  fbrmedi  adini^  of  four  principal  • 
slona.;  ajad  fi\\  of  these^  excepting  ^he  ^r^,  may  be  further 
divided  into  smaller  aggregates  of  similar  strata,  each  of  w 
aggnegiites  h^  usuallj,  be^o  .considered  as  entitled  to  the 
of  A  distinct  foraiatioBi.    The  following,  list  f;ives  a  general 
of  Ahese  four  dfirisions  and  the^r  sobdivisiop&i  beginning 
the  highest,  ai^d  will  sufficiently  explain  these  remarks. 

A«  The  €halk  formation.    This  requires  no  observatii 

B.  The  series  of  ferruginous  sands  ;  the  upper  contai 
interspersed  green  particles,  the  lower  of  a  rusty  bi 
colour,  divided  by  an  intermediate  bed  of  clay. 

C.  The  series  of  oolites,  consisting  of  three  aggregat 
coarse  shelly  limestones,  often  oolitic  in  their  texture,  a 
nating  with  argillaceous  deposits  often  containing  bee 
argillaceous  Ume.9tqne ;  the  lias  clay  and  lias,  on  whicl 

-  whole  of  thifjr?pose8,  may  be  considered  as  one  of  1 
deposits. 

.  Before  proceeding  to  the  fourth  division,  ^e  would  pan 
introduce  a  few  remarks ,  illustrative  of  the  connexion 
general  relations  of  the  three  preceding. 

Tbey  all  contain  marine  organic  remains,  which  have  a  g 
ral  sifldlarity  of  character,  and  are  in  the  same  state  :  thej 
not  simply  preserved,  as  were  those  in  the  superior  format 
bttty  strictly  speaking,  lapidified  ;  being  always  (unless  w 
the  shell  has  perished  and  left  a  cast  only,)  penetrated 
the.stony  matter  of  their  envelope ;  often,  however,  in  a^ 
form,  so  as  to  admit  a  crystallme  arrangement  of  its  parti 
In  these  beds,  not  only  the.  great  majority  of  species  are 
ferent  from  these  now  known  to  exist,  but  a  very  large 
portion  of  the  genera  are  in  the  same  predicament.  Althi 
each  of  these  series,  and  indeed  almost  every  member  of 
series,  contains  many  species  of  organic  remains  peculji 
itaelf,  which  constantly  accompany  its  course  throughoui( 
islaod-at  least,  and  form  (to  use  the  lowest  term)  a  | 
empirical  character  by  which  it  may  ISe  distinguished; 
several  of  the  specieS)  and  a  majority  of  the  genera^  are  com 


Book  II.    Introduction,  61 

to  the  whole  suite  :  but  if  wc  compare  this  suite,  either  with 
the  more  recent  shellj^b^s  above  the  chalk,  or  the  older 
issociatcd  with  the  coal  transition  series,  a  marked  and  striking 
difference  is  instantly  perceived,  and  the  common  genera  will 
be  found  to  bear  a  comparatively  small  proportion. 

The  natural  connexions'of'  these  series  may  be  further  illus* 
tnted  by  the  gradual  transition  of  the  one  into  tho  other,  often 
observable  near  the  point  of  junction  ;  thus  ihe  lower  beds  of 
the  chalk  often  become  charged  with  sand  and  interspersed 
with  green  particles,  and  thus  pass  into  the  green  sand  of  the 
Kcond  series;  this  sand  is  often  associated  with  calcareous 
be^s  nearly  approximating  in  character  to  some  of  those  in  the 
.oolitic  or  third  series;  and  the  clays  which  subdivide  this 
series,  are  generally  only  to  be  distinguished  by  the  specific 
Aflerences  of  their  organic  remains. 

Having  thus  stated  the  analogies  which  connect  the  above 
members  of  our  supermedial  class,  it  remains  to  notice  the 
lonrth  and  lowest  series  of  beds  which  we  have  comprised  in 
it;  although  this  is  distinguished  from  the  preceding  by  many 
peculiar  circumstances,  it  will  yet  be  seen  that  there  are  suf- 
Jicient  grounds  for  including  it  in  the  same  general  division. 

D.  This  consists  of  the  series  of  the  new  red  sandstone 
and  magnesian  limestone.  The  sandstone  is  chararterised 
liy  the  deposits  of  gypsum  and  rock  salt  contained  in  its 
upper  marly  bed^,  and  by  the  conglomerates  abounding  in 
hw  lower  beds.  It  is  entirely  destitute  of  organic  remains, 
and  is  thus  strongly  distinguished  from  the  preceding  for- 
mations ;  but  the  magnesian  limestone  beds  which  form  the 
lowest  strata  of  this  series,  again  present  these  remains,  and 
the  genera  are  more  nearly  allied  to  those  contained  in  the 
oolites  than  those  of  the  older  formations.  This  circumstance, 

•.  taken  together  with  the  general  conformity  of  stratification 
in  this  and  the  preceding  series,  and  the  appearances  of  a 
graddal' transition  which  may  be  observed  between  the  low- 
est marlcs  of  the  lias  formation,  and  the  upper  marles  of  this 
•eries  at  their  junction,  render  it  more  advisable  to  class 
them  together,  than  to  constitute  a  separate  class  for  the 
reception  of  this  sefies  only,   which  woold  otherwise  be 

.  necessary. 

k  comparative  view  of  the  distribution  of  the  several  mem- 
yx%  of  this  class  in  England  and  other  countries,  will  be  fonnd 
^the  introdactory  sections  of  the  chapters  In  which  each  of 
^^  is  separately  considered* 


CHAPTER  I. 


THE  CHALK  FORMATIO;^. 

Section  I. 

{a)    General  and  introduciory  observations  9n  the  cwn§ai(m 
^f  the  Chalk  mih  the  more  recent  beds*    This  rock,  wkick 
forms  one  of  the  most  remarkable  features  among  the  deposits. 
of  Englaiid,  both  on  account  of  its  extent  and  its  perfectly 
distinctive  characters,  follows  immediately  beneath  the  strata 
described  in  the  preceding  chapter.     In  general,  an  interval 
teems  to  have  taken  place  between  the  completion  of  this  for- 
mation, and  the  deposition  of  those  which  repose  upon  it ;  and 
the  surface  of  the  chalk,  at  the  line  of  junction,  usually  beart 
marks   of  having    undergone,   during   that   period,   a  partial 
destruction  subsequently  to  its  consolidation  ;  a  bed  of  debris 
being  spread  over  it,  consisting  chiefly  of  flints  washed  out  of 
its  mass,  and  the  surface  being  irregularly  worn  into  frequent 
cavities,   many  of  them  of   considerable  depth,    filled   with 
similar  debris«*     On  this  debris  rests  the  Plastic  clay,  or  th« 

*  The  chalk  of  the  numerous  quarries,  and  -where  the  roads  are  cut 
through  it,  along  the  south  side  of  the  Thames,  as  at  Rochester,  Gravesend, 
North  Fleet,  Greenhithe,  iVc.  is  remarkable  at  its  junction  with  the  sand 
and  gravel  ^of  the  Plastic  clay  formation]  for  the  deep  indentations  on  its 
surface,  which  upon  examination  are  ascertained  to  be  sections  of  long 
furrows  and  of  cavities,  that  were  apparently  occasioned  by  the  power- 
ful action  of  water  on  the  surface  of  the  chalk,  prior  to  the  deposition  of 
the  superior  strata.     (G.  T.  vol.  ii.  p.  176.) 

The  enormous  quantity  of  completely  rolled  and  rounded  chalk«flint 
pebbles  that  occur  in  the  Plastic  clay  formation  on  the  south  of  Loodpn, 
corroborate  the  arguments  adduced  by  M.  M.  Cuvier  and  Brongniart, 
from  the  irregular  projections  and  furrowed  surface  of  the  French  chalk, 
and  from  the  fragments  of  chalk  forming  a  brecchia  with  the  Plastic  clay 
at  Meudon,  to  prove  the  consolidation  of  the  chalk  to  have  been  completed 
before  that  partial  destruction  of  its  upper  strata  by  the  force  of  water,  to 
which  they  justly  attribute  these  furrows  and  the  Meudon  brecchia.  These 
English  beds  of  chalk-flint  pebbles  (the  wreck  of  strata  thus  destroyed)  af« 
ford  additional  evidence  of  the  immense  scale  on  which  this  aqueous  de- 
struction was  carried  on,  and  confirm  also  the  conjecture  (which  by  them 
is  chiefly  grounded  on  the  total  difference  of  the  organic  remains  in  the 
two  formations),  that  a  long  period  of  time  has  probably  interveii«d  be> 
tueon  the  depotttion  of  the  chalk  aad  the  plastic  cby.  fG.  T.  vol,  !▼• 
!>.  SOI.) 
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aih-colonred  sand  fonnerlj  described:  here,  therefore,  the 
tmuitHni  from  the  chalk  to  the  more  recent  formations  appears 
to  have  been  abrupt,  not  gradual ;  in  a  few  instances  however 
a  bed  of  intermediate  character,  a  cretaceous  marie  *  is  in« 
terpoaed  at  the  junction,  which  maj  seem  to  countenance  this 
idea, — that  where  the  series  of  deposits  was  permitted,  from 
the  circumstances  under  which  they  were  formed,  to  proceed 
quietly,  such  a  gradation  may  hate  taken  place.  +    (C.) 

The  result  of  these  repeated  destructions  of  the  chalk,  has  probably  re- 
duced the  extent  actually  occupied  by  this  formation-  to  much  narrower 
limits  than  those  which  it  formerly  possessed.  On  the  north  of  Northamp* 
Conshire,  and  borders  of  Rutland  and  Leicestershire,  and  in  the  vale  of 
Shipston  in  Warwickshire,  extensive  accumulations  of  chalk-flints,  mixed 
witn  rounded  fragments  of  hard  chalk,  occur  in  such  quantities  as  almost 
to  warrant  the  inference  diat  this  formation  once  existed  in  situ  on  these 
tpou,  now  nearly  50  miles  from  its  nearest  point.  In  the  fields  on  the 
toalh  of  Sywell  in  Northamptonshire,  the  fragments  of  chalk  are  so  abun- 
dant as  to  give  the  appearance  of  a  re«;ular  substratum  of  that  substance, 
turned  up  by  the  plough.  In  the  Philosophical  Transactions  for  1791,  is 
an  account  of  a  chalk  pit  found  at  Redlington  in  Rutland ;  which,  if  cor* 
recty  must  be  considered  as  a  relic  of  this  destroyed  tract.  The  account  ie 
▼ery  precise,  indicates  a  sufficient  knowledge  of  the  general  nature  and 
localities  of  the  formation,  and  is  such  as  to  render  the  testimony  very 
respectable ;  but  the  p6int  is  so  important  that  further  inquiries  are  desira- 
ble. The  chalk  is  described  as  regularly  interstratified  with  flints;  and  the 
•UTOundine  district  being  entirely  occupied  by  the  ferruginous  sands  of  the 
inferior  ooOte,  it  is  not  easy  to  conceive  that  it  could  have  afforded  any 
rock  which  could  have  been  mistaken  for  chalk.  Another  detached  paten 
of  chalk  is  said,  in  the  same  place,  to  exist  near  Stukely  in  Huntingdonshire 
on  the  banks  of  the  Turnpike  road,  but  no  particulars  are  given,  and  here 
•oft  Tariecies  of  other  calcareous  beds  might  be  confounded  with  this  sub- 
■tapce.    (C.) 

*  A  chalk- marie  without  flints,  is  the  stratum  which  in  Alum  Bay  m  the 
Me  of  Wight,  lies  immediately  next  on  the  flinty  chalk.  It  pulverises  with 
the  frost,  and  as  the  rains  have  washed  it  down,  its  situation  is  marked  by 
a  deep  hoUow.  (G.  T.  vol.  ii.  p.  178.)  There  appears  also  to  be  indica- 
tions of  its  existence  in  the  same  position  in  other  parts  of  the  chalk  basin 
of  the  Isle  of  Wight  (hereafter  to  be  described) ;  for  in  many  parts  of 
Sussex,  south  of  the  South  Downs,  as  at  Emsworth,  Lavant,  Siddlesham, 
South  and  North  Bersted,  Middleton,  &c.  there  are  pits  of  a  marie  without 
flints,  which  is  evidently  over  the  chalk:  the  same  marle  has  also  been 
fbiiod  in  Dorsetshire  on  the  west  of  Corfe  castle;  but  it  has  not  been  dis* 
covered  upon  it  in  the  JLondon  basin.    (G.  T.  voL  ii.  p.  178.) 

f  On  the  Continent,  the  calcareous  beds  which  repose  on  the  chalk  at 
Maestricht,  though  they  cannot  properly  be  classed  as  a  portion  of  the 
dialk  formation  (an  attempt  whicn  has  been  made  by  some  foreign  writers, 
and  can  only  toid  to  confusion),  yet  they  certainly  approach  miich  more 
nearly  to  it  than  any  other  of  the  supenor  formations,  and  tlieir  organic 
remasns  seem  to  inaicate  a  greattc  antiquity  than  belongs  to  any  of  the 
vpper  beds  in  England.    (C^ 
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(b)     On  the  foreign  localities  of  thU  formaUonJ*  -The-  Zone 
of  chalk  which  sweeps  across. our  eastern  and  southern  counties 
'  from  Yorkshire  to  Dorsetshire  (ks  will  be  more  particularly 
'  described  undor  the  proper  head),  must  be  considered  onlj.M 
a  part  of  the  western  edge  of  a  most  extensive  tract  of  this  for- 
mation ;  which,  stretching  from  the  Thames  to  the  Don^  occu« 
•'.pies  the  interior  of  what  may  be  termed  the  great  central 
basin  of  Europe ;    understanding  by  that   denomination,  iht 
lower  countries  bounded  by  the  following  primitive  and  tran- 
sition mountains  and  districts.     On  the  north,  the  primitiTe 
districts  of  Kussian  Finland,  Sweden,  Norway,  and  Scotland; 
on  the  west,  the  transition  and  primitive  chains  of  Cumberland, 
'Wales,  Devonshire,  and  Brittany  ;  on  the  south,  the  primitive 
mountains  branching  from   the   Cevennes   in    the  centre. of 
'  France,  the  Alps,  with  the  various  insulated  ancient  groupes 
of  Germany,  &c.  as  the  Black  forest,  the  Rhingau  and  the 
Vosges,  the  Bohemian,  Thuringian,  Saxon,  Si.lesian,  and  Car- 
pathian mountains ;  on  the  east,  the  Ural  and  its  branches. 
It  is  not  to  be  understood  that  the  chalk  immediately  reposes 
on  these  mountains,  (for  an  interval  of  greater  or  less  breadth, 
in  which  the  intermediate  formations  make  their  appearance, 
always  occurs),  but  that  within  the  area  so  circumscribed,,  an 
interior  area  may  be  traced,  throughout  which  there  is  every 
reason  to  believe  the  substratum  of  chalk  extends.     We  pro- 
ceed to  trace  it. 

Xt  may  be  observed  through  the  northern  coasts  of  FrancPjf 
occupying  an  extent  exactly  corresponding  to  its  line  on  the 
southern  coast  of  England  (as  will  be  more  particularly  shewn 
£n  the  course  of  this  chapter).  At  the  north  of  the  Seine,  it< 
outer  edge  (which  reposes  on  green  sand,  having  oolite  and 
lias  in  tlie  neighbourhood)  turns  south,  and  so  continues  to 
Blois,  where  the  formations  above  tlie  chalk  overlie  and  con- 
ceal its  southern  extremity :  it  reappears  at  Mpntargis,  and 
turning  again  north  (for  the  whole  chalk  district  of  France 
forms  a  sort  of  Cape  protruding  to  the  south  of  its  general  line), 
runs  east  of  Troyeg,  Kheims,  and  Valenciennes,  having  ^the 
green  sand,  oolites,  and  \\k%  on  its  east,  till  it  approaches  X\\* 
latter  town,  where  most  of  these  formations  are  wanting  /an 
Ui^ajice  of  want  of  conformity  in  their  direction),  and  the  chalk) 
with  a  few  beds  of  green  sand,  there  called  Turtia^  rest  hori- 
"  -Bontally  on  the  truncated  edges  of  the  coal-formation,  w^icb 
*  extends  thence  along  the  banks  of  the  Meuse  to  Liege  fi^^ 

♦  By  the  Rev.  W.  D.  Conybeare,  F.R.S.  &c. 
"^  A  general  account  of  these  formations  has  been  given  by  Oinhli*^ 
d'Halioy :  a  translation  of  his  memoir  is  printed  inThomsun'i  Amuis :  v^* 
particuiacs  are  added  from  private  sources. 
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l^ix  :  the  coal  is  here  even  worked  beneath  the  chalk.    North 

ftf  Valenciennes,  the  edge  of  the  chalk  appears  to  trend  to  the 

lut,  but  it  is  generallj  overlaid  bj  the  sandj  superstrata 

through  the  Netherlands;  it  may  however  be  seen  on  the 

Mith  of  Maestricht,  and  at  Henri  Chapelle  near  Aix.     From 

Kence,  it  may  be  considered  as  ranging  beneath  the  sandy  and 

dilovial  tracts  of  North  Germany,  towards  Berlin ;  the  whole 

of  this  district  is  well  known  to  present  the  appearance  of  an 

■Bifonn  and  vast  sandy  heath,  covered  with  a  deep  accumu- 

Mion  of  diluvial  gravel,  in  the  midst  of  which  occur  enormous 

nmnded  blocks  of  granite,  for  which  a  source  cannot  be  found 

nearer  than  the  opposite  shores  of  the  Baltic^thus  exhibiting 

tne  of  the  most  striking  problems  submitted  to  the  investigation 

•f  geology.     The  great  mass  of  this  gravel,  however,  consists 

«f  chalk  flints,  well  marked  and  bearing  traces  of  ail  the  cha- 

ncteristic  fossib:  at  least  nine-tenths  of  the  whole  consist 

of  these;  a  sign  that  the  parent  formation  can  be  at  no  great 

distance.     In  such  a  tract,  a  rock  in  ritu  is  like  an  oasis  in  the 

desert ;  at  Luneburg  however  the  fortifications  are  partly  con* 

itmcted  on  a  rock  of  gypsum,  and  about  a  quarter  of  a  mile 

bence,  on  the  left  of  the  road  to  Hamburg,  the  writer  of  this 

trtkle  was  gratified  by  detecting  a  chalk-pit  which  had  escaped 

tke  attention  of  former  observers :  it  contains  the  usual  alter* 

.  aation  of  flints,  and  affords  good  specimens  of  the  inoceramus, 

echinites,  and  most  of  the  characteristic  fossils.     On  entering 

Poland,  the  chalk  throws  off*  the  mantle  which  has  for  a  time 

concealed  it,  and  reappears  in  a  line  of  hills  running  nearly 

puallel  to  the  Carpathians :  it  is  finely  exhibited  at  Cracow : 

it  contains  abundant  flints,  affords  the  usual  organic  remains, 

lid  rests  on  green  sand :  it  was  here  examined  by  Professor 

ftickland.     Hence,  passing  by  I^emberg,  it  appears  to  extend 

into  Russia.     Hills  of  chaJk  were  noticed  by  Or.  (-larke  at 

Kasankaiya  on  the  Don,  and  the  town  of  Bielogorod,  signifying 

the  white  city,  is  said  to  take  its  name  from  white  hills  of  the 

iune  substance  in  its  neighbourhood.     Engelhardt  observed 

thalk,  containing  its  usual  flints  and  fossils,  even  in  the  Crimea. 

No  particulars  can  be  gathered  of  the  eastern  or  north* 

(tstem   boundaries  of  this  formation.     We   may  conjecture 

however  that  they  pass  by  the  Valday  hills  to  the  mouths  of 

flte  Vistula ;  thence,  the  northern  border  must  run  eastward 

through  the  Baltic  to  the  island  of  Rugen,  where  chalky  cliffs 

present  themselves  on  i's  northern  coast,  being  found  also  on 

the  neighbouring  continent,  in  Pomerania  and  Mecklenburg. 

Hence  the  line  appears  to  pass  io  the  south  of  Sweden,  where 

^  <mall  chalk  tract  occurs  near  Malmo,  crossing  to  the  opposite 

fokst  of  Zealand,  and  including  the  small  isle  of  Mona  on  the 
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south.    Sflvne  account  of  these  loeaiitieiB  mmj  be  fonsd  hi  10 
Iac's  travels.  * 

From  MoDa,  the  Ime  of  the  chalk  has  not  been  timced:  H 
probably  traverses  Holstein,  (where  it  is  said  to  ocosr,  pis^ 
bably  near  the  gypsuvi  of  Kiel)  to  the  mouth  of  ^le  Elbe,  mA 
thence  crosses  the  Grerman  ocean  to  Flamboro«gh  head  ll 
Yorkshire ;  thus  completing  the  circnit  in  which  we  have  m 
4eavoured  to  follow  it. 

Throughout  this  extensive  tract,  the  chalk  appeMs  to  pie- 
serve  a  remarkable  uoiformitj  of  character,  affording  a  ntfSi 
factory  instance  of  the  vast  areas  over  which  geological  caui 
have  operated  in  the  formation  of  continttous  ^^92^&M^ 
nmilar,  or  rather  identical,  nature.  The  great  majomy,  (per 
haps  eight-tenths)  of  the  organic  remain^  also,  which  ocest  ii 
this  rock,  are  common*  to  all  the  localities  in  which  it  ba 
been  particularly  observed  ;  viz.  England,  France,  the  Nethei 
lands,  Germany  and  Poland :  indeed  we  have  never  seen  < 
fossil  from  any  foreign  chalk-pit,  to  which  an  analogue  nygl 
not  be  produced  from  those  of  this  island.  These  facts  ai 
interesting,  as  shewing  that  the  comparison  of  formations  i 
very  distant  tracts,  rests  on  firm  and  satisfactory  grounds,  an 
as  illustrating  the  importance  of  organic  remains  in  establisMi 
that  comparison.  Still  it  should  be  remembered,  that  the  tnu 
to  which  the  above  observations  refer,  extensive  as  it  is,  is  j4 
but  a  small  portion  of  the  whole  surface  of  the  globe,  is  limite 
to  a  single  basin,  and  lies  under  nearly  a  similar  clinaf 
throughout.  The  progress  of  the  science  may  be  alike  impede 
by  too  hastily  extending  our  generalisations  beyond  the  bowl 
daries  strictly  warranted  by  our  induction,  and  by  too  sc^ 
tically  rejecting  the  conclusions  so  warranted,  merely  becau 
they  are  general. 

Beyond  the  limits  of  the  great  cretaceous  area  already  d( 
scribed,  local  tracts  of  chalk  occur  in  the  following  places. 

In  Ireland,  a  remarkable  deposit  of  chalk  forms  the  basis  c 
the  great  basaltic  area  in  the  north-east  angle  of  that  island 
it  contains  flints ;  the  organic  remains  agree  with  those  of  Eiif 
land ;  the  thickness  of  the  whole  deposit  does  not  excee 
between  200  and  300  feet ; .  it  rests  on  green  sand. 

In  Italy,  the  Scagiia^  which  covers  the  extreme  secondsi 
chains  of  the  Alps  in  the  Veronese,  may  perhaps  be  a  variH 

*  Mr.  Schlottheim,  a  German  writer  on  the  geological  diitribtitioB 
organic  remain*,  has  a  remark  which  appears  to  contradict  diis  opiidai 
but  this  arises  from  his  considering  the  bmestone  beds  above  tht  cnilk| 
St.  Peter*8  hill,  Maestricht,  which  contain  many  peculier  fottiltf  as  a  pi 
of  the  chalk  formation. 
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;Uk :  it  is  described*  as  acalcareoas  bed,  containing nodii« 
nd  beds  of  variously  coloured  flints,  resting  on  the  oolites 

white  limestones,  and  dipping  under  the  teitiory  hills 
.  those  consisting  of  the  formations  more  recent  than  the 
k);  it  re-appears  against  the  volcanic  groupe  of  the  Kuga- 
1  hills  near  the  mouth  of  the  Po,  which  appear  to  have 
sd  it  upwards. 
I  Spain,  chalk  is  said  to  occur  near  Cervera,  on  the  road 

Barcelona  to  Leri^a ;  gypsum  abounds  in  the  same  neigh- 
kocNi,  and  at  Pl<»6oSfc^t^o*iniie8  from  Valencia,  but  the 
riptions  are  too  vague  to  be  relied  on ;  the  gypsum  men- 
d  seems  to  be  rather  that  of  the  red  sandstone,  than  of 
bnnation  above  the  chalk,  and  possibly  a  cretaceous^marle 
have  been  mistaken  for  the  latter  rock. 
6  have  no  precise  information  of  the  existence  of  chalk 
Bd  the  limits  of  Europe.  It  may  be  mentioned,  however, 
the  maps  accompanying  RennelPs  memoir  on  the  retreat 
ie  ten  thousand,  mark  a  chalky  tract  as  existing  on  the 
I  bank  of  the  Ekiphrates,  somewhat  above  the  well  known 
Den  spring  of  Hit,  and  opposite  the  whole  range  of  hills  in 
quarter  which  are  denominated  ^  White';  in  corroboration  of 
locuiity,  Professor  Buckland  saw  at  Sir  Joseph  Bankes's  an 
let,  found  among  the  ruins  of  Babylon,  evidently  cut  from 


lus  rock  is  also  said  to  have  been  observed  in  China,  20 
s  north  of  Pekin,  by  Sir  George  Staunton  (vol.  ii.  p.  173), 
Ihe  description  is  too  vague  to  b^  relied  on. 
balk  has  not  been  found  in  any  part  either  of  North  or 
h  America  yet  explored,  and  Mr.  Macluren  positively 
Is  that  it  does  not  exist  on  that  continent. 


Section  II. 

Particular  account  of  this  formation. 

()  Chemical  and  external  characters.  The  nature  and 
ities  of  Chalk,  generally  speaking,  are  too  well  known  to 
I  description,  but  some  varieties  of  it  are  found  which  may 
er  it  requisite.  The  purest  and  best  chalk,  commonly  se- 
id  for  economical  purposes,  is  nearly  of  a  pure  white ;  it 
m  earthy  fracture,  is  meagrex  to  the  touch,  and  adhejres  to 

*  See  Ferber*t  Travels  in  Italy « Inciter  T. 

l3 
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the  toogue  and  even  to  the  fuigers :  it  is  dull,  opake,  tof^f 
light  (its  specific  gravity  being  onlj  2 . 3),  and  it  always  occif^    4 
massive.    A  specimen  analysed  by  Bucholz,  yielded  lime  56JI^'  J 
carbonic  add  43,  water  0.5.    Magnesia  has  been  detected  itf 
some  of  the  French  chalk,  and  may  perhaps  occ-asionaliy  oeotf* 
in  that  of  England*    Such  are  its  mineralogicul  characters,  oA 
in  its  purest  state  it  may  be  coDsidercd  only  as  a  carbonate  of 
lime,  liable,  from  the  slight  cohesion  of  its  particles,  to  ah^ib 
a  small  quantity  of  moisture.     Sometimes  however  it  has  beea 
found  to  contain  a  very  small  proportion  of  alumine,  but  it  fre« 
quently  involves  a  considerable  portion  of  sand,  of  which  it  mtj 
be  freed  by  pounding  and  washing.    The  less  pure  varieties  ire     \ 
yellowish  and  even  yellow,  and  are  sometimes  so  hard  as  to     ' 
return  a  ringing  sound  to  a  blow  from  the  hammer,  as  will  bo 
perceived  in  the  subsequent  account  of  some  of  the  beds  iw^ar 
Dover.     Occasionally  some  of  the  lower  beds  of  this  formatioa 
are  of  a  reddish  or  red  colour,  probably  derived  from  the  prr- 
sence  of  a  small  quantitiy  of  iron,  as  in  Lincohishire,  and  at  its 
northern  termination  in  Yorkshire.     (P.) 

The  specks  of  green  earth  more  commonly  found  in  the  .. 
lower  than  in  the  upper  beds,  are  probably  derived,  like  thft  '] 
red  variety,  from  the  presence  of  iron  in  different  states  oT  ^ 
oxidation.  The  lower  beds  of  the  chalk  occasionally  increase  ' 
in  hardness  *  until  they  afford  a  tolerably  compact  timestooe^ 
sometimes,  however,  these  harder  beds  alternate,  even  near  tlie_ 
bottom  of  the  series.     C)  -•'  »'>'"- rr^*'  v  r*^*^Ji^i^-Sl:i:^^'5'3 

Pliny  describes  this  substance  under  the  title  ^  Cretaargei^ 
taria,'  and  adds,  ^  petitur  ex  alto  in  centenas  pedes  actis  pie* 
rumque  puteis,  ore  angustatis  intus,  ut  in  metallis  spatiante  venw  , 
Ilac  niaxime  Britannia  utitur.'  This  very  method  is  used  \% 
Hertfordshire,  and  other  parts  of  the  kingdom  at  present.  The 
farmer  sinks  a  pit,  and,  in  the  terms  of  the  miner,  drives  out  ; 
on  all  sides,  leaving  a  sufficient  roof,  and  draws  up  the  chalk  ia 
buckets  through  a  narrow  mouth.  Pliny  informs  us  in  his  re» 
marks  on  the  British  niarlcs,  that  they  will  last  80  years,  and 
that  there  is  not  an  example  of  any  person  being  obliged  to 
marie  the  same  land  twice  in  his  life.  An  experienced  fanner, 
whom  Mr.  Pennant  met  with  in  Hertfordshire,  assured  him 
that  he  had  about  30  years  before  made  use  of  this  manure  00 
a  field  of  his,  and  that  were  he  to  live  the  period  meationed 
by  the  Roman  naturalist,  he  should  have  no  occasion  to  repeat  ^ 
it.     Pennant's  Chester,  p.  303— (G.  Notes.) 

According  to  Smeaton,  chalk,  when  well  burnt,  will  make  - 
as  good  lime  as  the  hardest  marble.  The  harder  kinds  are  used  I 
W  building,  as  in  the  Isle  of  Wight.   (G.  Notes.)     That  of  tbQ  | 
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diff  tm  the  east  of  Dover  is  blasted,  squared,  and  used  for  thm 
puposes  of  the  harbour,  and  in  the  construction  of  a  dock,  es- 
jwcialljr  such  parts  of  it  as  are  mostly  under  water. 

The  abbey  of  Hurley  in  Berkshire,  and  its  parish  church, 
sadentJy  a  chapel,  are  said  to  be  constructed  of  chalk,  and  the 
ifimiins  of  these  are  still  as  fresh  and  sound  as  if  they  had  been 
tke  work  of  the  last  century.  The  mullions  and  arches  of  St. 
Cslhariiie^s  chapel  near  Guildford,  are  of  chalk  that  contain 
fliats.  (G.  Notes.)  The  abbey  at  St.  Omar*s,  ruined  during 
the  revolution,  is  entirely  constructed  with  chalk,  and  retains 
all  its  beautiful  gothic  ornaments  in  great  perfection.    (C.) 

Chalk  occasionally  contains  subordinate  beds  of  other  snb- 
ilances;  as  of  soft  and  indurated  chalk-marle,  which  occur 
■ear  Dover,  and  of  fuller's  earth,  (G.  Notes),  which  is  found  ' 
ia  the  north  of  England,  at  Claxby  in  iJncolnshire,  and  m 
Kusex.  Mr.  Webster  has  noticed  thin  parting  seams  of  clay 
between  the  strata  of  chalk  in  some  of  the  pits  in  the  Isle  oif 
IVight. 

The  upper  chalk  appears  in  most  places  in  England,  wherever 
occasional  openings  have  been  made  in  the  very  large  tract 
oGmpicd  by  it,  notwithstanding  the  extensive  ruin  which  its 
beds  must  ha?e  suffered  at  remote  periods,  of  which  we  find 
■anifest  proofs  in  the  valleys  by  which  the  chalk  is  intersected, 
aid  especially  in  the  immense  deposits  of  rounded  flint  gravel 
ii  the  eastern  and  south-eastern  parts  of  England. 

The  inferior  beds*  may  be  traced  along  the  lower  regions  of 
the  escarpment  presented  by  the  hills  of  this  formation,  in  the 
cliffi  on  the  coast  near  the  junction  with  the  older  formations, 
md  in  a  few  other  places  where  exposed  by  denudation ;  but 
mh  bads  must  be  censidcied  lallnsi  as  anomalies  of  local  and 

|Mi4ial  rtrmrronroj    than  gg   hnlnwging   in  tli»   g^nntnl    nlinanrt^r 

af  the  foimatien. 

This  formation,  being  composed  throughout  of  a  series  of 
homogeneous  beds  of  a  tender  earthy  limestone,  docs  not  admit 
of  those  subdivisions  which  many  others  require. 

The  occurrence,  however,  of  thofie  numerous  layers  of  nodular 
flints  which  alternate  through  the  greater  part  of  its  mass,  con- 
ititutes  one  of  its  most  remarkable  and  essential  features;  being 
constantly  present  in  all  the  upper  beds  of  the  formation,  which 
floay  thus  be  in  most  instances  readily  distinguished  from  the 
lower  in  which  the  flints  are  rare,  and  most  usually  entirely 
wanting;  hence  the  well  known  division  into  the  upper  aad. 
hwcr  chalk, 
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The  chalk  even  jet  often  contains  a  miztore  of  rilex ;  at  (iie 
period  of  its  formation,  a  considerable  quantitj  appears  to  btfe 
been  precipitated  with  it,  ib  a  state  of  such  minute  division  il 
to  allow  the  chemical  attraction  of  its  molecules  to  have  effect; 
these  (from  the  same  causes  which  produced  the  formation  si 
lajers  of  calcareous  concretions  in  beds  of  clay)  separating  froD 
the  cretaceous  pulp,  and  uniting  together,  particularly  where  tie 
presence  of  any  imbedded  organic  remains,  (e.  g.  alcyonimii 
sponge,  or  shell)  offered  a  nucleus  for  them  to  form  upon,  otai- 
•tituted  the  layers  of  nodular  siliceous  concretions  in  qupstioa. 

Such  appears  the  most  probable  origin  of  these  appearaucei; 
It  may  be  noticed  in  confirmation^  that  the  extraordinary  ligurei 
•o  often  assumed  by  these  nodules,  will  on  examination  be  fouBd 
to  arise  from  their  having  been  formed  on  some  variety  of  sponge 
or  aicyonium  as  a  nucleus  :  the  manner  in  which  the  liliceoos 
natter  has  penetrated  the  most  minute  pores  of  the  organic 
substances  euTeloped  in  it,  is  truly  admirable. 

These  flinty  nodules  occur  in  strata  alternating  conformably 
with  those  of  the  chalk. 

Frequently  also,  but  less  commonly,  the  flinty  strata  consist 
of  tabular  masses  of  that  substance. 

Veins  of  flint,  traversing  the  regular  strata  at  various  angles, 
though  more  rare,  may  still  be  observed  almost  wherever  any 
extensive  range  of  chalk  cliffs  is  explored ;  e.  g.  in  the  Isle<^ 
Thanet,  the  neighbourhood  of  Brighton,  and  the  Me  of  Wight; 
the  flint  filing  such  veins  is  usually  tabular. 

It  is  unnecessary  to  give  a  formal  description  of  tht  extemtl 
characters  of  a  substance  in  every  one*s  hand.  The  specific 
gravity  of  flint  is  stated  at  2.594:  it  consists  accordmg  to 
Kluproth  of  98  parts  of  silex,  0.5  of  lime,  0.95  alumine,  O.ifi 
oxide  of  iron,  and  1  of  water.  It  is  infusible,  but  whitens,  and 
becomes  opake  ;  besid(*s  the  wafer  chemically  combined,  it  ap» 
pears  to  contain  some,  mechanically  distributed  through  its  pores, 
as  its  recent  fracture,  when  freshly  taken  from  its  native  bed, 
alnays  exhibits  an  appearance  of  moisture. 

The  flints  which  have  been  washed  out  from  the  chalk  at  a 
remote  period,  occur  in  the  various  deposits  of  gravel ;  and 
thus,  from  their  superficial  position,  and  the  loose  texture  of 
the  mass  in  which  they  occur,  exposc^d  through  ages  to  the 
influence  of  atmospherical  action,  and  the  percolation  of  water, 
have  often  become  much  altered,  and  undergone  changes 
somewhat  analogous  to  those  which  may  be  produced  in  them 
by  Are  :  the  black  colour  is  rendered  less  intense,  or  changed 
1o  brown,  yellow,  or  red,  probably  by  a  change  induced  in 
the  oxidation  of  the  iron  contained  in  it ;  these  diflferent  colours 
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trt  lametimes  arraoged  in  lones  parallel  to  the  outward  surface 
of  the  pebble,  the  altering  action  haring  operated  with  dif- 
knot  intensities  at  different  depths ;  a  singular  fissured  ap^ 
pcuince  ma  J  sometimes  be  observed  in  such  pebbles. 

The  interior  of  the  flinty  nodules,  often  contains  drusj  cavi- 
iSm  lined  with  tubercular  chalcedony  or  quartz  crystals ;  these 
gOMrally  appear  to  have  formed  the  nidus  of  some  organic 
remain,  which  has  permiKod  only  the  tiniT  particles  of  the 
aliceotts  matter,  to  percolate,  and  thus  favored  their  as-sumins 
a  more  delicate  texture,  or  even  a  crystallised  arrangement. 
The  presence  of  a  sponge  or  alcyoniuni  seems  to  have  been 
pirticularly  favorable  lo  the  formation  of  chalcedony  ;  almojt 
whenever  it  occurs  in  flint,  a  careful  examination  will  detect 
the  traces  of  these  zoophytes:  very  beautiful  a|>()earances  often 
Knit  from  their  radiated  ramifications  through  tlie  chalcedony, 
which  should  be  dipped  in  water  to  bring  them  perfectly  out, 
being  partially  hydrophonous. 

(b)  Mineral  cantentJt.  The  l)eds  of  flint,  so  numerous  in  the 
■pper  chalk,  have  already  been  mentioned  ;  and  these,  together 
with  the  occasional  beds  of  hard  and  soft  chalk  niarle,  occurring 
sear  13over,  aud  of  Fullers*  earth  in  the  north  of  England,  at 
CUzby  in  Lineolnshire,  aud  still  morv>  lately  discovered  in  tlie 
NBe  situation  in  Bepton  hill  m^ar  Midhur>t  ^  in  Sussex,  are 
ntentratified  with  the  beds  of  chalk  in  parallel  layers :  these 
sobitances  may  therefore  be  considered  as  of  contemporaneous 
formation  with  the  chalk  itself,  and  therefore  not  strictly  ns 
nhieral  contents,  under  which  head  however  they  seem  to 
require  this  notice.  The  chalcedonised  flints  are  often  found 
hi  cabinets.  The  only  mineral  substance  common  to  the  chalk 
iiiron  pyrites,  which  is  found  in  most  if  not  all  the  beds,  in 
■Sfses  varying  from  the  size  of  a  pea  to  several  inches  in 
diameter:  they  are  mostly  crystalline,  and  generally  exhibit, 
on  being  broken,  a  fibrous  and  diverging  structure,  arising  from, 
the  position  of  the  crystals  of  which  they  are  composed,  and  of 
which  the  summits  commonly  appear  on  the  surface  of  the 

*  The  foUowini^  account  of  the  cii«tence  of  beds  of  Fuiler*i  eatth  in  the 
clalk  of  Suwcx  was  presented  to  me  by  Frederick  Sar^rent,  Emj.:  they 
vcre  first  noticed  by  the  Rev.  C  P.  N.  Witton.  The  Fullers*  earth  is  foii.id 
IB  twu  beds  situated  in  the  upper  chalk,  and  so  near  tlic  summit  of  tlie  South 
Downs  "^sif^  the  vi  lage  of  Bepton,  lh;it  t  nly  ouc  foot  of  chalk  lies  above 
the  upper  bed^  the  J)^s  are  nearly  horizontal,  and  are  from  three  to  four 
inches  thick,  and  the  substance  itself  bear*  every  characteristic  of  Fullers' 
earth;  it  does  uot  e(Firvcsce  with  acids,  is  unctuous  to  the  touch,  some- 
what translucent  on  the  edges,  and  falls  to  pieces  wlien  thrown  into  walev 
Below  thene  l>eds,  and  near  the  middle  of  the  challc  escarpment,  lies  a  bed 
of  soft  challc  marie  three  or  four  inches  thick.    (P.) 
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mass :  they  often  occur  of  a  cylindrical  form,  and  were  hciv 
tofore  picked  up  and  preserved  under  the  name  of  ihundcrboti 
Often,  however,  these  masses  have  undergone  decompositfai 
while  in  situ,  so  that  nothing  is  left  but  an  ochreoos  mifl 
which  has  occasionally  been  observed  to  penetrate  the  fur 
rounding  chalk,  colouring  it  in  concentric  circles  of  variiM 
shades  of  brown.  The  pyrites  is  sometimes  deposited  aroai 
shells.     (P.) 

In  a  chalk  quarry  at  Bishopston  down  near  Warminster  i 
Wiltshire,  enormous  blocks  of  crystalline  carbonate  of  liw 
one  of  which  weighed  50  cwt ,  and  measured  between  JO  a 
40  cubic  feet,  was  cut  into  slabs  for  chimney  pieces  at  M 
NoePs,  a  stone-mason  at  Warminster.  They  lay  in  the  npp 
chalk  almost  close  to  the  surface,  and  the  flinty  chalk  is  m« 
thinner  in  this  than  the  adjoining  quarries.  Calcareous  spi 
also  occurs  in  a  chalk  quarry  at  Nook  near  Ileytsbury,  ; 
blocks  less  both  in  number  and  size.     (G.  Notes.) 

A  brown  or  blackish  brown  substance  has  been  obsem 
coating  the  chalk  in  several  places  in  Suffolk.  It  lias  som 
times  the  appearance  of  a  sooty  powder,  but  is  occasional 
£brous.  It  has  been  noticed  by  the  Rev.  J.  Holme  in  a  { 
near  Budlinghani  bridge  in  the  parish  of  Frecklingham ; 
another  near  West  Row  Ferry,  and  also  at  West  Row  ne 
Mildenhall,  and  is  cousider<Hl  by  that  gentleman  to  be  mc 
probably  the  bLick  oxide  of  manganese  :  this  however  requir 
confirnidtiori.     (P.) 

The  chalk  of  Claxby  in  Lincolnshire  is  very  fibrous  in  t] 
cracks,  and  when  exposed  to  air,  powdered  with  black  specl 
but  in  the  interior  it  is  beautifully  white  :  grey  flints  are  dl 
seminated  through  it.     {G,  Notes) 

A  septurium  found  in  chalk  at  Ste)nin£r  in  Sussex,  is  now 
the  collection  of  Mr.  Parkinson.     (G.  Notes.) 

(c)  Organic  remains.*  Under  this  head,  the  chalk  preset 
ui  with  phoenomena  very  difierent  from  those  of  the  mo 
recent  formations. 

Although  numerous  individual  specimens  are  every  whc 
to  be  found,  yet  the  number  of  genera  to  which  they  belo 
are  restricted  within  comparatively  narrow  limits. 

If  variety  be  wanting,  it  is  however  compensated  by  novel 
In  the  abundance  of  the  newer  beds,  although  the  species  wc 
usually  different,  ypt  the  genera  agreed  with  tho«e  still  foa 
in  the  ocean  :  but  here  we  are  presented  with  many  n 
genera,  and  probably  not  a  single  species  will  be  found,  id< 
tical  in  all  its  characters  with  any  now  known  to  exist; 

•  The  whole  of  thii  article  \$  by  the  Rev.  \V.  D.  Conyhearc,  F.R.S.  I 


Sect.  If.    Farlkuktr  aecouni  qfthe  Chalk  Formation.     73 

To  begin  with  the  remains  of  the  more  perfect  animals,  we 
vi  the  remains  of  several  species  of  vetebral  fish ;  among 
Uch  may  be  specified,  teeth  of  a  species  of  shark  perhaps 
ir  the  Sqoalus  galeus,  two  varieties  of  the  grinding  palatal 
les  belonging  to  unknown  genera,  vertebne,  and  scales, 
imong  the  testaceous  mollascae,  the  order  of  multilocalar 
faives  has  left  the  following  genera  imbedded  in  this  for* 
tion  ;  Ammonites*,  both  ovate  and  circular;  Scaphites*; 
eiiinites+  ;  all  these  genera  are  extinct ;  the  first  occurs 
}|y  in  the  upper  chalk,  the  second  only  in  the  lower,  and 
varieties  are  peculiar  and  characteristic  of  these  beds. 
)f  the  common  spiral  univalves,  the  genera  and  species 
id  in  the  chalk  are  very  few  and  rare ;  a  striking  contrast 
he  abundance  in  which  they  occur  in  the  newer  beds  :  the 
era,  Trochus,  Cirrus,  and  X^rbo,  are  mentioned, 
erpnlae  and  spirorbes  are  common. 

Unong  the  bivalves  jnay  be  numbered  ;  Ostrea,  four  species, 
esembling  ednlis  ;  2.  variety  of  o.  crista  galli ;  3.  (not  half 
inch  long,  crenulated  on  each  side  the  hinge),  canaliculata*; 
ten,*  two  species,  or  more  ;  .Terebratulae,  five  species,  three 
loth,  two  plicated  ;  Magas*  ;  Plagiostoma*  spiiiosa  ;  Dian- 
n(*  lata ;  Inoceramus  (the  fibrous  shells)  several  species,  of 
ch  one  is  figured  G.  T.  vol.  5.  pi.  1.  The  four  last  genera 
exunct. 

)f  Multivalves,  a  species  of  balanus  has  been  found, 
rhe  important  family  of  Echini tes  may  be  considered  as 
fficteristic  of  this  formation,  and  at  least  as  equalling  in 
aber  all  the  other  shells  found  in  it ;  many  of  the  species, 
.  one  entire  genus  is  indeed  peculiar  to  it.  In  enumerating 
genera,  we  shall  give  both  the  names  of  l^ske  and  Lamarck, 
ingaithing  them  where  they  differ  by  the  respective  initials, 
[  add  references  to  the  figures  in  the  3d  vol.  of  Parkinson's 
{toic  remains.  1.  Helmet-shaped ;  Ek:hinocorys  Lake ; 
iBchytes,  several  species  (P.  pi.  9,  fig.  4.)  2.  Conical ; 
inlus,  Leskcj  Galeritcs,  Lamarck  (Fl.  pi.  2,  fig.  10)  many 
des.  3.  Heart-shaped  ;  Spatangns  (P.  pi.  3,  fig.  11).  4. 
leroidal,  with  the  mouth  and  vent  on  the  opposite  poles, 
I  studded  with  mamillated  tubercles ;  these  constitute  the 
lares  of  Leske,  but  Lamarck  has  divided  them  into  two 
era ;  in  one,  the  tubercles  are  perforated  to  admit  the  pas- 
;  of  muscular  filaments  which  assist  in  the  motion  of  the 

The  dielit  marked  by  an  aiteriik  arc  figured  in  Sowerby*t  Mineral 
chology. 

When  the  belemnitei  are  mentioned  by'Cuvier  at  characteniuc  of  the 
Itch  chalk,  this  :•  only  to  be  undcntood  in  contradif  tiocttoa  to  the  mort 
ai  beds,  in  which  they  rarely  or  never  occur. 
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spioeSy  always  large  in  this  variety ;  to  this  he  restrict 
name  Cidaris ;  one  beautiful  Rpecies,  Cidaris  papillata  (P. ' 
fig.  11)  is  found  in  the  chalk  :  in  the  other  division  the  t 
ctes  are  imperforate,  the  spines,  which  are  smaller,  being  n 
by  the  contractions  of  the  outer  skin  only ;  Lamarck  d 
guishes  this  genus  as  the  Echinus  properly  so  called :  the  Ci 
variolate  (P.  pi.  1,  fig.  5,  7,  10,  and  pi.  3,  fig.  1)  belong 
Of  these  genera,  all  the  species  1  and  2  appear  to  be  ex 
and  the  former,  confined  to  the  chalk  formation  only  :  th 
3  arc  distinguished  from  the  recent,  only  by  strongly  m 
specific  diiierences ;  those  of  4  exhibit  a  very  near  approi 
recent  specimens,  but  arc  still  to  be  identified. 

Of  the  Star-fish,  Asterias  Lamarck^  four  species  an 
cribed  by  Mr.  Parkinson  (Org.  rem.  vol.  3)  as  belonging 
English  chalk.  1.  (PI.  1,  fig.  1)  nearly  resembling  the  I 
gonastes  semilunatus  of  Linck,  %  (PI*  I9  fig*  3)  approi 
Pentayonastes  semilunatus  of  Linck,  ^  Pcnlaceros  lent 
sms,  Litick,  4.  Stella  Inmbricalis  lacertosa  corpora  sph 
jUinck ;  the  species  nearly  resemble  tlie  recent. 

Among  the  Zoophjrtes,  the  family  Encrinus  has  several  { 
in  the  chalk.  1.  Pentacrinus,  rare.  2.  Straight  En 
(Park.  O.  R.  vol.  ii.  pi.  13,  fig.  34,  70—73.)  3.  Bottle  1 
nus,  (same  plate,  fig.  75,  76.)  4.  Stags-hom  Encrinus 
plate,  fig.  31,  38,  39)  :  all  these  species  are  extinct ;  A 
cies  only  of  the  genus  Pentacrinus  is  known  to  exist, 
differs  materially  from  the  fossil. 

The  fossil  long  known  under  the  name  of  the  Tortoise ! 
nus,  which  resembles  some  species  of  the  Encrinites  in  1 
a  pelvis  composed  of  pentagonal  plates  supporting  artic 
tentacula,  but  differs  from  them  in  wanting  the  articulates 
or  column,  and  must  therefore  float  freely,  is  now,  on  acco 
the  essential  distinction,  formed  into  a  new  genus  to  whi 
name  Marsupite  is  given ;  one  species  only  has  been  deti 
(same  plate  hg.  24)  i  it  is  only  known  fossil,  and  is  peca 
the  chalk. 

Of  the  family  Madrepore  (Polyparia  lamellifera  han 
only  one  species  occurs,  nearly  approaching  the  niadi 
cyathus  of  Ellis,  and  Caryophyilia  cyathus  of  Lamarck  ( 
inson's  organic  remains,  vol.  ii.  fig.  15  &  16)-;  a  more  eloi 
variety  (perhaps  only  a  different  stage  of  growth)  is  fount 
this;  the  principal  difference  between  the  recent  and 
specimen  is,  tliat  the  exterior  of  the  former  is  smooth,  1 
the  latter  striated. 

The  families  of  AlcyoniumTlnd  Spongia  present  numen 
mains:  much  obscurity  prevails  in  the  distribution 'even 
recent  species  of  these  families.     Elii^  makes  their  disti 

^^/*  ^a^^^  ^  ^^^*^u^  ^^^^  ^  -^^\ — ^^ 
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U  consist  in  the  presence  of  polypi,  as  inhabitants  of  the  cel- 
hles  of  the  alcjonia^  and  believes  the  sponges  to  possess  none 
of  these  animacales,  but  to  be  simply  investitcd  with  a  living 
gebtmoos  flesh.  I^marck,  with  greater  probability,  hupposei 
tiie  sponges  to  have  polypi  like  the  alcyonia,  difTc'riiig  only  iu 
tbe  greater  solidity  of  the  fleshy  parts  of  the  latter,  which  per- 
mit them  to  be  observed  when  removed  from  the  water ;  while 
tboie  of  the  former  dry  up  instantly  on  being  taken  out  of  their 
latural  element,  and  thus  escape  observation.  It  is  manifestly 
inpossible  that  a  distinction  of  such  a  nature  should  be  ascer- 
tainable in  petrifactions  preserving  only  the  solid  parts  of  the 
tnhnal;  from  general  character,  however,  many  of  theui  ap- 
pear rather  to  belong  to  the  sponge  than  alcyonium. 

The  substance  of  these  bodies  consists,  a.s  to  its  interior  tex- 
tile, of  a  mass  of  interwoven  fibres,  penetrated  by  larger  pores^ 
itnlarly  or  irregularly  disposed. 

These  fibrous  reticulations  sometimes  run  confusedly  toge- 
thery  so  that  their  meshes  present  no  regular  or  determinate 
ignre ;  sometimes  they  are  regularly  disposed,  so  as  to  give  to 
the  whole  mass  a  plicated  character ;  we  shall  therefore  assume 
this  distinction  as  the  foundation  of  our  division. 

Ofthat  division  which  is  irregularly  reticulated,  four  genera 
tt  least  may  be  traced  in  the  chalk  formation. 

1.  Of  a  ramifying  form ;  two  varieties  are  figured  by  Park- 
bson,  vol.  ii.  pi.  8.  fig.  6  &  IS,  and  pi.  11 .  fig.  4. 

%  Pklmated;  the  larger  pores  disposed  iu  a  quincuncial 
order;  rare. 

3.  Irregularly  turbinated  and  funnel-shaped  masses;  the 
nrieties  of  this  form  are  almost  infinite,  arising  probably  from 
Dk  different  contractions  of  the  mass. 

4.  Fig-shaped ;  agreeing  exactly  with  that  figured  in  So- 
Imder  and  Ellis,  pi.  59,  fig.  4,  as  a  sponge,  but  pronounced 
bj  Lamarck  to  be  an  alcyonium  ;  it  is  pediculatrd  at  the  bot- 
ton,  and  flattened  at  the  top,  which  presents  a  funnel-shaped 
Qvity  penetrating  in  the  direction  of  its  axis ;  its  larger  \x>tqs 
ndiate  from  the  axis.  Parkinson  figures  varieties  found  in 
diall^  or  its  derivative  gravel,  pi.  9.  fig.  11,  1^,  4,  and  pi.  11. 
fijj.  8.  The  appearance  of  the  ramifying  filaments  round  the 
tiumel-shaped  cavity  of  this  genus,  is  seen  in  the  sptn^imen,  pL 
•.  fig.  1.;    fig.  7  &  5jil.  12,  also  beloi.g  to  this  genus. 

Another  genus  is  ImM  characterized ;  it  occurs  ^*  forming 
kt^e  irregular  sessile  masses,  upper  surface  tuberculated,  tra- 
versed by  large  irregular  ramifving  pores." 

ITie  most  remarkable  of  the  rt'gularly  plicated  division,  and 
^hat  perhaps  of  which  all  the  seemingly  different  species  are 
ouly  accidental  varieties  of  form,  has  been  ably  described  by 

&2 
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Mr.  Mantell  iu  the  eleventh  volame  of  the  LinnaeaD  Transac 
tions,  p.  401,  under  the  name  of  Alcyonium  chonoides  (fnw 
Xvm^  a  funnel) ;  and  as,  from  the  limited  circulation  of  tb 
original  work,  the  description  (which  is  highly  interesting)  i 
probably  known  to  very  few  of  our  readers,  we  shall  sobjoii 
an  abridgement. 

This  alcyonium  is,  as  to  its  general  form,  funnel-shaped  lai 
fixed  by*The  rooT;  the  external  coat  is  composed  of  fasciculi  c 
muscular  fibres,  which,  arising  from  the  pedicle,  proceed  in 
radiating  manner  towards  the  circumference,  and  by  frequent! 
anastomosing,  constitute  a  retiform  plexus  capable  of  dilatiii| 
lengthening,  and  contracting;  according  to  the  impressing 
received  from  this  contractile  power,  arises  a  great  variety  i 
the  general  form  of  the  specimens :  when  quiescent,  it  appes 
to  have  been  funnel-shaped ;  when  partly  expanded,  cyathifoni 
when  completely  so,  discoidal ;  occasionally  even  throwing  tl 
surface  into  deeply  undulating  folds,  so  that  a  transverse  Mi 
tion  of  it  exhibits  an  indented  outline,  something  like  that  ( 
the  heraldic  nebule ;  these  fasciculi  are  further  connected  I 
lateral  processes,  which  increase  the  fimmess  of  the  integumei 
formed  by  them ;  from  the  inner  part  of  this  cnvelopemei 
arise  tubuli  which  pass  direct  to  the  inter-funnel-shaped  oirit; 
and  terminate  on  its  surface  in  small  circular  pores  or  openii^ 
often  disposed  in  a  quincunical  order;  in  some  specimens, 
substance  of  a  sponge-like  appearance  fills  up  the  interstio 
between  these  pores,  probably  the  remains  of  a  spongy  men 
brane  which  in  the  recent  specimen  served  to  connect  the  tube 
and  give  consistence  to  the  whole  mass.  Each  of  these  pan 
was  perhaps  the  cell  of  a  minute  polypus. 


Fig.  1.   Exterior  view. 


Fig.  2.   View  looking  into 
the  inner  cavitr. 


Specimens  are  sometimes  found  invested  with  chalk  oolj 
but  more  usually  enveloped  in  flinty  nodules ;  Parkinson  (pl»  1< 
fig.  14,  15,  16,)  has  given  a  representation  of  the  root  and  pii 
of  the  stem  in  this  state,  but  the  specimens  were  too  imperfei 
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\q  enable  him  to  ascertain  their  tmc  rliaracter ;  an  impression  ' 
or  the  iiuier  root  marked  hy  quiucuncial  pores  is  figured  bj 
kinipi.  ]],  fig.  12. 

A  similar  specimen  from  the  French  chalk  is  figured  in 
Rtmond'S  travels  to  Mont  Perdu,  where  it  is  inserted  as  an 
object  of  comparison  with  an  analogous  fossil  found  in  the 
Pyreuean  limestone. 

In  considering  this  class  of  the  organic  remains  occurring  in 
die  chalk,  we  have  eiceeded  the  brief  notice  to  which  mr 
uaally  confine  our  remarks  on  this  head,  since  the  confusion 
and  obscurity  which  prevail  concerning  its  genera  and  species, 
render  every  attempt  to  methodise  and  ilhisti-ate  tliem  useful.* 

(c)  Range  and  extent.  This  extensive  deposit  stretches, 
with  little  interruption,  from  Flamborough  licad  on  the  coa^t 
c(  Yorkshire,  to  near  Sidniouth  on  the  coast  of  Devousliire, 
fimning  a  range  of  hills  often  of  considerable  elevation,  and  of 
vhich  the  most  precipitous  escarpment  is  generally  on  the 
lorth- western  side.  Another  range  of  hills  branches  from  it^ 
in  the  south  of  F^ngland.     (G.  Map.) 

The  cliff  between  Bridlington  quay,  which  is  about  five 
miles  south  of  the  point  called  Flamborough  head,  f  consists  of 
chalk,  as  well  as  Speeton  cliff  about  six  miles  on  the  north- 
Weft  of  it.  The  chalk  then  pioceeds  inland,  rising  into  hills 
which  for  about  15  miles  from  the  shore  have  nearly  a  westerly 

*  The  form  of  those  aingularly  shaped  masses  of  flint  known  hr  the 
aime  of  Paramoudra  in  Ireland,  where  they  arc  most  rummon,  and  alsm 
fMnd  at  Whittlingham  and  other  places  near  Norwich,  hears  a  ntroncr  re- 
laablance,  but  on  an  enormouslv  larger  scale,  to  the  flinty  nudules  invc&t- 
ing  some  species  of  tubercular  afcyonia.    (C) 

f  These  cliff*  exhibit  at  the  top  the  superior  soft  chalk  containinfr  hon- 
lootal  layers  of  flint,  at  the  bottom  the  hard  variety  with  few  flints.  V.  e 
maj  be  permitted  to  relieve  the  dryness  of  gcologicaf  detail,  by  c|uoting  the 
atnkiog  portrait  of  this  place  given  by  Pennant  (Arctic  Zoology,  Introd. 
p.xi.):  the  va»t  height  of  the  jirecipices  and  the  amazing  frrandcur  of  the 
sctnet  which  open  on  the  north  side,  giving  wide  and  solemn  admi6t.icin 
through  most  exalted  arches  into  the  body  of  the  mountain,  together  witk 
tke  gradual  decline  of  light,  the  deep  silence  of  the  place,  unless  intei- 
tupted  by  the  striking  of  the  oar,  the  collision  of  a  swelling  wave  against 
the  sides,  or  the  loud  flutter  of  the  p'geons  aflTrightcd  from  their  ne>»Cs  in 
the  distant  roof,  afltjrd  pleasures  of  scenery  which  such  formations  as  iWi* 
alone  can  yield.  The<«  also  are  wonderfully  diversified ;  in  some  parts  tlic 
caverns  penetrate  far,  and  end  in  darkness;  in  others  are  pcrviou-*,  ^.ud 

S"ve  a  romantic  passage  t»y  another  opening  equally  superb.  Many  of 
e  rnckv  are  insulated,  of  a  pyramidal  form,  and  s<«a'r  to  a  great  height ; 
the  bases  of  mobt  are  solid,  but  in  some  pierced  through  nnd  arched ;  all 
are  covered  with  the  dung  of  the  innumerable  flock*  of  migrating  birds 
which  resort  here  annually  to  breed,  and  fill  every  liiile  pn>jection,  every 
hole,  which  will  give  them  leave  to  rest ;  multitudes  were  swimming  alvout ; 
others  swarmed  in  the  air,  and  Kuimed  ut  with  the  variety  of  their  croak* 
and  screaxnst    (C.) 
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dirccrion,  and  of  which  the  ^carpment  is  towardi  the  b 
The  line  of  hills  then  sweeps  suddenly  round,  a  little  t< 
east  of  south,  forming  the  Wolds  of  Yorkshire,  and  arc 
niinated  by  the  river  Humber.  On  the  opposite  coast  of 
river,  at  Burton  in  Lincolnshire,  the  chalk  rises  again 
beneath  the  allufial  matter  forming  its  banks,  into  a  ran 
hills,  the  Wolt^s  of  Lincolnshire,  having  a  south-easterly  c 
tion,  and  terminating  at  Burgh,  a  town  about  five  miles : 
of  Wain  fleet,  and  near  the  easternmost  point  of  the  Lincoli 
coast,  where  it  dips  beneath  alluTium.  The  chalk  tract  o 
Yorkshire  and  l^ncolnshire  wolds  has  an  areragc  bread 
rather  more  than  six  miles.    (G.  Map.) 

Near  the  shore  of  the  north-western  point  of  Norfolk 
bordering  the  W'ash  which  separates  it  from  Lincolnshire 
chalk  re-appearsf  as  a  ridge  of  hills  running  nearly  soul 
about  15  miles,  and  occupying  the  surface  for  about  10 
•n  the  east  of  the  hills,  to  Bumham  Market,  but  its  br 
on  the  southern  half  scarcely  exceeds  three  to  five  miles, 
little  range  terminates  at  Castle  Acre  about  five  miles  not 
Swaffham,  sinking  beneath  the  diluvial  sands  of  Norfolk, 
chalk  appears  again  on  the  north  of  Thetford,  and  fom 
low  tract,  passes,  except  where  it  is  covered  by  mars 
alluvial  soil,  by  Newmarket  in  Suffolk,  to  a  little  on  th 
of  Cambridge,!  on  the  west  and  south-west  of  which  a 
some  outlying  masses,  as  the  Coach  and  Horses  hill,  an 
summit  of  Madingley  hill  which  rest  (G.  T.  vol.  v.  p. 
on  gait.     From  Cambridge,  the  western  limit  of  the 

*  In  the  Wolds  of  Liiuslnshire^  the  chalk  consists  of  two  colours,  r 
white,  each  lying  in  regular  strata,  the  red  being  generally  underni 
the  wliite,  seams  of  flint  are  frequently  met  with  from  two  to  sii 
thick.  The  chalk  rests  upon  a  coarse  brown  pebbly  sand  without  < 
remains,  consisting  of  quartz  and  oxide  of  iron.    (O.  T.  vol.  iii.  p.  S 

+  Hunstanton  cliff,  though  only  about  80  feet  hi^h,  forms*  fr 
flatness  of  the  adjacent  country,  a  conspicuous  object ;  immediately! 
the  vegetable  soil  and  chalk  marie,  beds  of  regular  ch:tlk  about  90 
thickness  occur ;  these  rest  on  a  hard  red  sTone  four  feet  deep,  n 
uften  ground  and  made  into  a  red  paint  (evidently  the  same  with  thi 
bed  in  the  Lincoln«ihire  woTds) ;  seven  feet  of  loose  friable  dirty 
stone  succeed,  placed  on  a  base  of  iron-coloured  pudding-stone  pre 
into  the  sea,  with  vast  fragments  scattered  os^e  the  beach.     (C.) 

\  The  chalk  of  CamBriugeshire  is  described  as  consisting  of  two  va 
the  uf^r  containing  the  common  black  flint  in  abuiidance.  and  tli 
or  grey  ikali^  which  contains  little  or  none.  If  a  line  be  drawn  froi 
ston  by  Balsh^m  to  Newmarket,  it  will  pretty  ex^ictly  deOne  the  li 
both  varieties;  the  hills  to  the  eastward  of  it  being  composed  of  the 
bods,  while  those  to  the  west,  consist  of  the  lower  or  grey  chalk 
civin^XMea  by  far  the  greater  part  of  the  hills  of  Cambridgeshire,  and 
will  be  agam  noticed  in  treating  of  the  chalk  marie.    (G.  T.) 


Sect.  II.    Particular  account  of  the  Chalk  Formulwn.    79 

puses  to  the  looth-wcst,  and  at  Royston  downs  assumes  thc^ 
character  of  a  range  of  hills,  the  escarpment  of  which  con- 
tipues  with  little  interroption,  and  in  the  same  direction,  by 
Bildock  and  Hitcliin  in  Uerts,  Dunstable  in   Bedford shiro, 
and  Tring  and  Wendover  in  Buckiughamshire  to  Goring  in 
Oxfordshire,  a  distance  of  about  75  miles,  uherc  it  is  brokcu 
through  by  the  valley  of  the  Thames.  (G.  Map.)    This  raug<%^ 
k  passing  through  Buckinghamshire  and  Oxfordshire^  is  wvll 
kaown  under  the  name  of  the  Chiltem  hills,  in  Bcdfordshiri* 
the  uames  of  Royston  and  Luton  Downs  are  applied  to  diflWrrnt 
farts  of  it:  its  average  breadth  is  from  15  to  ^0  miles :  from 
tiM  summit  of  its  north- western  escarpment  it  declines  gra- 
dally  to  the   south-east,   where  its  strata  dip  beneath   the 
ipper  bed  of  the  London  basin  ;  it  is  furrowed  by  many  tran^**- 
verse  vallies  of  which  several  break  entirely  through  it ;  such 
ire  that  through  which  the  proposed  line  of  the  London  ami 
Cambridge  Canal  passes  that  of  the  Grand  Junction  Canal ; 
bit  the  principal  opening  througli  the  chain,  is  that  through 
which  the  Thames  flows  from  Goring  to  Maidenhead,   and 
which  constitutes  the  most  striking  and  picturesque  scenery  on 
the  banks  of  the  printipal  river  of  the  island.     On  the  west  of 
the  Thames,  the  chain  is  continued,  bearing  the  name  of  llsey 
Downs  and   the  Whitehorse   hills,   to  Marlborough   Downs, 
where  it  is  broken  through  by  the  valley  of  the  Kennet ;  which, 
Uke  most  of  the  rivers  Aowinc;  through  this  formation,  rises  in 
the  subjacent  and  older  stratum,  and  breaks  entirely  through 
the  elevated  chains  of  the  chalky  downs.  This  valley  separates 
the  northern  Marlborough  Downs  from  the  long  ridge  on  the 
mth  of  Marlborough,  which  stretclies  westwards  to  Bagdon 
Ull  about  three  miles  north-west  of  Devizes  in  Wilts.    On  the 
iMth-east,  this  ridge,  skirting  round  the  vale  of  Pewsey  (a 
hroad  opening  between  the  chalk  rani(;t  s,  exhibiting  the  inferior 
itnta),  connects  itself  with  the  northern  point  of  that  extensive 
cretaceous  district  which  occupies  all  the  north  of  Hampshire 
>8d  most  of  the  south  of  Wiltshire  ;  its  longest  diameter  from 
east  to  west,  being  more  than  50  miles ;  its  shortest  from  north 
to  louth,  about  twenty. 

This  vast  area  has  been  appropriately  denominated  bj  Pen- 
uat,  the  great  central  Patria  of  the  Chalk ;  the  centre  and 
scarce  whence  all  the  ranges  of  this  rock  traversing  the  island 
diverge. 

The  following  points  will  assign  its  limits  with  suflicient  prr« 
tiiion  for  our  present  purpose.     On  the  east,  the  hills  above 

*  The  remainder  of  the  dfftcription  of  this  mnge  and  extent  of  the  chalk 
"  hy  the  Rev.  W.  D,  Conybeare. 
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Selborne,  (a  spot  familiar,  from  the  classical  pt||fs  of  Mr. 
AVhite,  to  all  hi  ho  can  be  interested  either  in  natural  histoty 
or  elegant  literature)  ;  on  the  west,  those  skirting  the  vale  of 
Warminster  ;  on  the  north^  Inkpeii  hill,  the  loftiest  summit  of 
this  formation,  attaining  the  height  of  101 1  feet  above  the  lerd 
of  the  sea  on  the  i-outh  of  Salisbury.  A  great  part  of  the  ard 
so  included,  is  well  known  by  the  name  of  Salisbury  plaia. 
The  whole  of  this  district  consists  of  an  elevated  platform,  dil^ 
tiuguished  only  by  gentle  elevations  of  surface,  and  covered  by 
a  scanty  herbage*  it  is  intersected  by  fewer  vallies  than  tfcti 
chains  formerly  described  ;  of  these,  the  principal  is  that  of 
the  Salisbury  Avon,  which,  rifting  in  the  substrata  of  the  valo 
of  Pewst'Y,  breaks  through  the  chalky  tract,  as  do  its  tribotai^ 
Ktreanis  on  the  west,  the  Willy  and  the  Nodder ;  in  the  ceottr 
tlie  river  Anton,  rising  within  the  chalk,  descends  towardl 
Southampton  water  ;  and  on  the  east  the  river  Barge  flows  by 
^Vinchester  to  the  same  point. 

In  order  to  iUustruto  the  relations  of  this  central  mass,  ud 
the  branches  diverging;  from  it,  wc  may  compare  the  wfaol^ 
Hue  of  the  chalk  with  its  ramifications,  to  the  small  .letter  k  in 


the  common  printed  characters,  placed  obliquely,  thus, 


^ 


ihe  interior  angles  between  tiie  stem  and  the  two  brancbei, 
will  represent  the  spaces  occupied  by  the  superior  strata  in  the 
basins  of  l^ndon  and  ihc  Isle  of  Wight;  the  exterior  angis 
between  these  branchi's,  the  denuded  and  protruding  area  o( 
inferior  strata  hi  Kent  and  Sussex ;  w  hile  the  outer  side  of  the 
stem  will  correspond  with  the  general  escarpment  of  the  chalk 
towards  the  inferior  strata  on  the  north-west :  the  inosculation 
of  the  stem  and  branches,  indicates  the  position  of  the  greit 
central  mass,  the  breadth  of  which  will  be  easily  accounted 
for,  when  it  is  considered  that  this  tract  exhibits  the  total 
breadth  of  the  chalk  between  its  opposite  escarpments  towaids 
the  older  formations  ;  w  hereas  in  every  other  point,  the  interior 
area  of  the  cha!k  is  concealed  by  its  superstrata,  and  its  edges 
alone  exposed  to  view. 

It  will  at  once  be  seen  that  the  range  of  chalk,  traced  up  lo 
its  junction  with  this  central  mass,  is  that  represented  by  the 
upper  part  of  the  stem,  and  that  it  forms  the  north-west  border 
of  the  lx)n(lon  basin. 

Another  similar  chain  i:^  detached  from  the  north-east  an^l^ 
of  the  great  central  mass  near  Farnham,  extending  to  the  ttniti 
of  Dover  near  Folkestone,  (this  corresponds  to  tho  upp^r 
branch  of  the  k) ;  it  is  well  known  under  the  name  of  the 
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Sqrih  Downs  of  Surrey  and  Kent.  This  chain  bounds  the 
[.iCNidDii  basin  on  the  south,  as  the  former  did  on  iht  north; 
he  hills  composing  it  descend  with  a  gentle  slope  alnnii:  the 
Kick  of  the  strata,  towards  the  basin;  but  on  the  opposite  or 
lOBtheru  side,  are  broken  down  into  a  steep  ebcarpmtMit  facin;^ 
Jm  older  ranges  of  the  Weald.  This  range  is  broarirst  at  its 
isestera  termination,  where  its  trtrata  ha?e  the  least  ircliiiation, 
ad  consequently  occupy  by  their  basset  the  greatest  horizontal 
face.  It  is  here  not  less  than  ten  miles  across.  On  the  other 
body  at  its  western  extremity  near  Guildford,  where  the  beds 
lie  considerably  inclined,  it  forms  a  narrow  and  steep  ridge 
kaown  by  the  name  of  the  Hog*s-back,  which  cunnot  exreed 
baif  a  mile  in  breadth.  The  escarpment  of  this  chain  lanj^es 
riom  west  to  east  by  the  following  towns  ;  (iuildford,  Doiking, 
Seven  Oaks,  Maidstone,  Folkstono  ;  the  cliffh  in  the  neighbour- 
bead  of  Dover,  which  will  hereafter  be  particularly  described, 
ire  formed  by  the  section  of  this  chain  against  the  coa^t. 

This  chain  is  broken  through  by  all  the  rivers  which  tun 
lorthwards  from  the  Weald,  yIz.  the  Wey,  the  Mole,  the 
Dareot,  the  Medway,  and  the  Stowe;  which  thus  form  a  system 
tf  tnnsTcrse  valleys,  crossing  at  right  angles  the  great  longi- 
tvdinal  ralley  which  extends  along  the  foot  of  its  escarpment. 
These  circumstances  will  be  more  fully  described  in  treating  in 
the  Sixth  Book  of  the  Phcenomena  connected  with  Vallies. 

The  chain  attains  its  greatest  height  at  Botley  hill.    ^^^^ 

The  Isle  of  Thanct,  which  consists  entirely  of  chalk,  placed 
Oeu*  the  north-east  chain,  is  not  in  fact  connf^cted  with  it; 
being  separated  by  a  trough  occupied  by  the  upper  strata,  from 
beneath  which  its  strata  rise  tonards  the  north-east. 

Another  corresponding  chain  (forming  the  lower  branch  of 
Ike  k),  is  thrown  off  from  the  south-east  angle  of  the  central 
^M  near  Petersficld.  The  escarpment  of  this  chain  looks 
northwards,  skirting  the  district  of  the  Weald  (occupied  by  the 
iaferior  strata)  on  the  south,  as  did  the  pre  ceding  chain  on  the 
kaith.  The  line  of  junction  at  the  foot  of  the  hills,  passes  south 
Bf  Midhurst,  north  of  Arundel  and  Lewes,  to  the  sea  at  Bft^chy 
Read ;  between  which  point  and  Brighton,  the  section  of  thu 
thaio  against  the  coast  exhibits  a  magnificent  range  of  chalky 
cliffs,  resembling  those  presented  under  similar  cirrinnstances 
bjr  the  section  of  the  North  Downs.  On  the  south,  this  chain 
Keotly  descends  beneath  the  superstrata,  occup}ing  the  basin  of 
Uie  Isle  of  Wight,  which  it  bounds  on  the  norih-east. 

This  chain  is  known  by  the  name  of  the  South  Downs,  as 
Covtradistingnished  from  the  North  Down^  befoiv  described. 
Its  average  breadth  is  about  five  miles :  it  is  broken  through, 
like  the  North  Downs,  by  a  scries  of  transvcT«c  Tallies,  whirfi 
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convey  across  it  to  the  channel,  several  rivers  rising  in  the 
terior  ridges  of  the  Weald,  viz.  the  Aran,  the  Adar,  the  Oi 
and  the  Cuckmcre.  Its  highest  point  is  Butser  hill  in  Hai 
shire,  which  is  017  feet  above  the  level  of  the  sea. 

Nearly  connected  with  this  chain  is  a  low  and  insab 
ridge  of  chalk  called  Portsdown  hill,  lying  entirely  within 
basin  of  the  Isle  of  Wight,  and  protrnding  as  it  were  thro 
the  superstrata  which  occupy  that  basin,  and  on  all  sides  i 
round  it.  Its  situation  is  near  the  commencement  of  the  d 
we  have  just  described,  aud  it  seems  to  be  the  result  of  a  si 
undulation  in  the  strata.  It  lies  on  the  north  of  Portsma 
and  extends  in  length  about  ten  miles  east  and  west  b«ta 
llavant  and  Fareham,  while  its  breadth  scarcely  exceec 
mile. 

Lastly,  from  the  south  of  the  great  central  mass  near  S 
bury,  a  chain  is  detached  (answering  to  the  lower  part  of 
stem  of  our  k)  ;  which,  proceeding  through  Dorsetshire,  boi 
the  Isle  of  Wight  basin  on  the  north-west.  Its  escarpment 
runs  westosouth-west  to  Shaftesbury  (the  vale  of  Tisbury  1; 
in  the  angle  between  itself  and  the  central  hills)  ;  them 
trends  south  towards  Blandford  (where  the  valley  of  the  S 
breaks  through  the  chain),  but  about  two  miles  north  of 
town  turns  again  westward,  in  which  direction  it  extends  (b 
however  broken  through  by  the  valley  of  the  Frome),  foral 
20  miles,  to  the  north  of  Beaminster,  forming  Horn  hill,  w 
together  with  the  hill  on  its  north,  may  be  said  to  fora 
extreme  point  of  connexion  in  the  west  of  England.  On 
west  of  these  hills  however  there  are  some  outlying  masses, 
probable  consequences  of  denudation,  lying  upon  and 
rounded  by  the  beds  of  the  green  snnd.  One  of  these  mast 
immediately  on  the  south  of  Crewkerne,  and  the  road  from 
place  to  Chard  passes  for  five  or  six  miles  over  the  summi 
another.  Chard  itself  is  situated  on  the  edge  of  another 
lying  mass,  about  one  mile  wide  and  five  miles  long  from 
to  west.  Two  or  three  other  small  patches  occur  on  the  aa 
west,  and  between  Chard  and  Sidmouth ;  and  on  the  east  oi 
latter  place  are  three  outliers  of  more  considerable  dimenf 
and  very  near  to  the  coast.  Returning  to  Horn  hill,  we  tiM 
trace  the  escarpment  to  within  a  mile  of  the  coast  near  Ahll 
bury.  The  chain  however  does  not  yet  actually  reach  the 
shore ;  for  suddenly  turning  round  to  the  east,*  so  as  to  I 
an  acute  angle  with  its  former  course,  it  proceeds  in  that  dl 

*  To  make  our  letter  k  represent  this,  we  mutt  suppose  the  ejtttak 
^e  lower  part  of  its  stem  to  be  bent  suddenly  inwards,  thus 


<<■ 


Si»ct.  IL    Parikmkar  accomU  af  ike  Chalk  F&rmatwn.    83 

■  through  the  middle  of  the  isle,  or  more  properly,  peninsnU 
Purbeck,  forming  clifiV  by  its  section  against  the  coast,  at 
her  extremity  of  that  isle,  vix.  at  Whitenose  on  the  west 
1  Handfast  point  on  the  east.  Remarkable  circnmstances 
end  this  latter  part  of  its  course ;  the  chalk,  usually  nearly 
risontal,  becomes,  throughout  the  Isle  of  Purbeck,  vertical ; 
I  exhibits  at  Handfast  point  some  of  the  most  singular  and 
efetling  phcenomena  in  stratification  which  geology  has  yet 
otded. 

riie  chain  terminates  at  Handfast  point  directly  towards  (he 
B  of  Wight,  which  is  distant  about  15  miles,  and  appears  to 

there  resumed  by  a  similar  chain  of  Chalky  Downs ;  which, 
lefponding  with  the  former  in  direction,  and  like  it,  having 
aCrata  forced  (probably  by  the  same  convulsion)  into  a  vcr- 
il  piMition,  traverses  the  island  longitudinally;  presenting, 

its  sections  on  the  coast,  magnificent  cliffs  at  the  Needles 
int  on  the  western  extremity,  and  Culver  cliffs  on  the  eastern. 
(kn  insulated  mass  or  outlier  of  chalk,  also  forms  the  summit 
the  hills  rising  above  the  southern  cape  of  the  Isle  of  Wight ; 
s  ii  separated  from  the  central  ridge  by  a  broad  valley  occu- 
)d  by  the  regular  substrata,  and  the  hoiizontal  position  is 
re  resumed.  The  phcenomena  of  this  formation  are  so  beauti- 
fy displayed  by  the  magnificent  sections  it  exhibits  on  the 
ithera  coast,  and  they  are  often  so  highly  interesting  and 
portant,  especially  in  the  Isle  of  Wight  and  Dorsetshire,  that 
appears  desirable  to  consider  them  more  in  detail  than  the 
ture  of  this  general  article  would  allow :  the  concluding 
tion  of  this  chapter  will  therefore  be  dedicated  to  a  particular 
riew  of  them. 

(e)  Height  of  hiils^  Sfc.  Chalk  does  not  often  bear  the 
aeral  character  of  a  level  or  flat  country,  but  on  the  contrary 

subject  to  perpetual  undulation  of  surface,  the  hills  being 
Murkable  for  their  smooth  rounded  outline,  and  for  the  deep 
Hows  and  indentations  on  their  sides. 

It  may  be  affirmed  that  the  roost  level  tract  of  chalk  in  Eng- 
nd  is  on  the  north-east  and  east  of  Cambridge.  Near  that 
lace  the  Gogmagog  hills  stretch  in  the  form  of  a  full  moon, 
id  the  flatness  of  the  adjoining  country  gives  an  importance  to 
Mir  inconsiderable  eminences.  (6.  Notes.) 
..The  general  character  of  the  surface  of  the  chalk,  as  will  be. 
ifl^d  from  the  preceding  obsenrmtions  on  its  range  and 
itat,  is  hilly ;  the  hills  having  on  one  side  of  them  a  precipi- 
Mi  tscamnent,  which  in  the  long  range  extending  from  the 
mi  of  Yorkshire  to  that  of  Dorsetshire,  is  on  their  north- 
^•iteni  sidti  while  on  the  south-eastem  they  gently  decUBe, 
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iftd  at  the  distance  of  seteral  milM  are  lost  beneath  the  super 
uacumbent  strata.     (P.) 

It  al«o  cemtitutcs  a  remarkable  ckavacfer  in  the  chiB 
Faages  (of  which  numerous  examples  have  been  mentionad  i 
dMcribing  its  range  and  extent)  to  be  frequently  brokei 
tkroQgh  by  transverse  vallies,  giTHig  vent  io  rivers  often  rini| 
in  districts  of  much  less  ele^ution  beneatl^  their  escavpoMrt 
wul  among  the.  subjacent  strata*  The  low  degree  of  coosal 
dalion  possessed  by  this  rock,  has  suffered  it  to  be  more  cad 
acted  on  by  the  causes  (whatever  may  have  been  their  natait 
which  have  excavated  the  vatiics,  and  thus  given  rise  t&  H 
above  coniiy;[uration  of  its  suf  fiure.  The-  phenomena  of  tbei 
transverse  vallies,  and  tde  nature  of  their  connexion  witi  tt 
longitudinal  i-allies  at  the  foot  of  the  chain,  ia  such  as  !••««« 
throw  completely  the  hypothesis  which  attributes  the  formalli 
of  vallies  to  the  gradual  but  incessant  action  of  the  rivers  wo 
flowing  through  them  ;  this  point  will  be  further  examined  i 
the  chapter  dedicated  to  this  subject  in  the  sixth  book.   (C) 

The  highf^st  summit  of  the  range  in  Yorkshire  is  IVillo 
Beacon,  which  is  800  feet  above  the  level  of  the  sea  ;  and  tha 
are  several  hills  in  the  range  traversing  the  more  sonthei 
counties  which  are  nearly  equal,  and  even  superior  to  Wilto 
Beacon,  as  well  as  several  in  the  long  ranges,  traversing  flasi[ 
shire,  Kent,  and  Surrey  in  an  easterly  direction  and  formis 
the  boundaries  of  the  chalk  basins  of  London  and  the  Isle  ( 
Wight  already  described.  The  most  elovnted  point  of  tli 
whole  is  that  of  Inkpcn  beacon  in  Wiltshire,  which  is  101 
feet  above  thp  level  of  the  sea,*     (P.) 

(/)  Thickness  J  6fc.  Tlic  acsfrojjate  thickness  of  the  nppc 
and  lower  chalk  is  taken  by  the  Rev.  Mr.  Duckland  ia  li 
order  of  superposition,  &c.  as  being  580  feet,  and  the  twobM 
may  be  assumed  without  much  error,  as  being  of  aibont  eff: 
tMckness,  but  they  may  be  supposed  ta  differ  considerab^  i 
different  places. 

Near  Dover,  the  chalk  with  numerons  flints  and  that  wit 
few  flints,  aic  together  480  feet  thick,  while  that  withoa 

*  The  cxtremily  of  the  Chiltcmt  and  of  ths  North  and  South  Dain»  i 
erery  where  celebrated  for  (he  extent  of  their  proApectt.  The  boldimic 
the  e«carpment  and  the  whiteness  of  the  substance  have  givca  the  i^ 
of  ornamenting  the  country  in  various  parts  by  cutting  away  the  tarl 
The  white  horse  above  Uffington  in  Berkshire,  occupies  about  an  scree 
grtniud,  and  may  be  seen  at  wmr  points  of  view  at  the  distance  of  twdi 
miles  There  is  another  land^^mark  of  the  same  kind  a;  Chervil  near  Cifai 
in  W'irshrFC,  and  a  third  in  ihe  neighbourhood  of  Thetford.  On  ibechal: 
Hill  that  faces  Weymouth  is  a  represent.iiion  of  his  late  Majesty  on  bone 
hack.  Near  Cerne  is  a  figure  of  a  ^'ant  holding  a  chib  in  one  hand  i» 
cKtending  the  olhcr :  this  coloesal  figur*  is  180  feet  in  height.  (G.  N^m*) 
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• 
Hits  is  onlj  140  fret.  (P.)  At  Ilandfast  point  on  the  com! 
4  Dorsetshire,  the  flinty  chatlk  is  600  feet  thiclL,  and  that 
ritkoat  200  feet,  but  the  peculiar  position  of  this  stratum 
i  this  place  should  make  us  cautions  of  relying  oa  any  esti- 
Hte  of  its  thickness,  unless  we  are  told  in  what  manner  it  has 
MM  taken.    (G.  Notes  from  Middleton.) 

Measuring  the  thickness  of  this  formation  in  sections  care* 
■lly  constructed,  of  several  parts  of  England  in  which  it 
ifipears,  and  where  the  necessary  data  of  the  general  level  of 
le  imface  and  the  inclination  of  the  beds  are  ascertained  with 
akmble  precision,  we  may  obtain  an  approximate  result  which 
m*  between  600  and  1000  feet.     (C.) 

Tbe  best  opportunity  that  has  been  afforded  me  of  ascer- 
uifDg  the  thickness  of  the  chalk  beds,  is  at  CuWer  cliff  in  the 
ile«f  Wight,  where  they  are  disposed  yertically.  A  direct 
sction  of  these  beds  seems  to  be  about  a  quarter  of  a  mile  (or 
900  feet),  and  this  is  the  general  breadth  of  central  ridge 
hronghout  the  island  except  to  the  west  of  Newport,  where  it 
ifates  and  occupies  a  much  greater  superficial  extent  in  con- 
e^pieiice  of  the  beds  being  inclined  at  a  less:  coBsiderabJe 
■gle.     (G.  Notes.) 

Hie  chalk  has  been  pierced  by  the  well-digger  in  many 
tecca.  In  Lincohishire  near  Rathby  300  feet ;  in  Bedford^ 
hile  (Encyc.  Brit.)  400  feet ;  in  Kent,  near  Sitt'mgbome,  363 
eet ;  in  Surrey,  at  Denbigh  near  Dorking  440  feet ;  in  Hamp- 
hiM,  nearSeibome  (White)  300  feet,<G.  Notes)  :  but  it  is  not 
■cntioiied  whether  these  wells  were  sunk  through  the  chalk, 
Mr  is  any  distinction  made  between  chalk  with  flints,  and 
Hriioat,  and  chalk-marle,  into  which  these  wells  may  have 
metnted. 

The  flinty  chalk,  as  before  obserred,  is  found  forrtiing  thv 
ttfacc  of  this  deposit  almost  every  where.  In  two  place* 
bwever  it  has  bee»  found  very  thin.  At  Salcomb  cliff  in 
BtfOfi,  according  to  Foliirhele,  it  is^  only  three  feet  thick,  and* 
il  Vranscem^  it  varies-  from  19  to  40  feet  (G.  Notes)  :  wliick 
My  profcMiMy  have  been  occasioned  by  the  destruction  of  the 
Bpper  beds,  by  the  action  of  water.  The  flinty  chalk  has  been 
ptnetrated  bencsth  the  beds  of  the  London  clay  and  Plastic 
thtf  formation  at  Stamfoni  hill,  three  nriles  on  the  north  of 
LsHdon,  100  feetj  and  100  feet  one  mile  on  the  east  of  Lon- 
bn.    (P.> 

(g)  InrJination^  8fc.  The  dip  of  the  beds  of  chalk  in  the 
leneFal'  is-  very  inconsiderable  Near  Hull  in  Yorkshire  it  is 
ife  yifds  in  the  mile  towards  the  east.    (G.  Notes.) 

Chi  th»  north-west  side  of  the  London  basin^  as  in  Cam- 
»ridgeshire  aad  Bedforddiir^,  ar>d  about  D^tizes  in  Wiltshire^ 
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the  dip  is  gentle  to  the  south-east;  while  on  its  sontlMn 
aide,  the  dip  is  to  the  nortli  and  north-east.  At  High  Cleit  ii 
AVikshire  and  Faniham  in  Surrey  it  is  towards  the  noitii 
(G.  Notes),  but  at  Do?er  towards  the  north-east,  less  tlun 
one  degree  (P.) ;  the  general  dip  of  the  North  Downs,  ex- 
tending from  Dover  to  Guildford,  xaries  from  10*  to  15*;.  ia 
the  narrow  ridge  of  chalk  termed  the  Hog's  back,  extending 
from  Guildford  to  Farnham  in  Surrey,  the  dip  is  very  con* 
aiderabie,  being  above  45\     (G.  T.  vol.  2.) 

The  strata  of  which  the  range  of  hills  called  the  Sontl 
Downs  are  constituted,  and  extending  from  Beechy  head  oa 
the  coast  of  Sussex  to  Dorcliester  in  Dorsetshire  (and  which 
therefoi'e  form  the  greater  part  of  the  external  limit  of  the  ttk 
»/  Wight  basin)  dip  generdlly  from  5*  to  16*  to  the  sooth ;  tin 
inclination  varying  in  difTcTent  places  (G.T-  vol.  ii.  p.  171); 
and  as  the  beds  of  chalk,  in  the  hills  constituting  the  soathen 
limits  of  the  chalk  basin  of  lx>udon  dip  towards  the  north,  wi 
might  by  analogy  assume  tliosc  of  the  southern  limits  of  the 
Isle  of  Wight  basin  to  have  the  same  direction  ;  but  a  remark- 
able  deviation  from  that  position  occurs  both  in  the  isle  of 
"Wight  and  on  the  coast  of  Dorsetshire,  for  there  the  beds  are 
mearly  vertical;  but  the  ph(tiiOmena  there  exhibited -will  he 
better  understood  by  referring  this  consideration  to  the  detailed 
account  of  the  sections  presented  by  the  chalk  cliflfs  on  the 
south  coast  in  the  following  section.     (P.) 

{h)  Agriatltural  character.  Messrs.  Cuvier  and  Brongniart 
represent  sterility  as  one  of  the  most  decided  characters  of  i 
chalk  deposit,  and  mention  Champagne  as  an  instance  of  its 
soil  being  in  some  cases  absolutely  uninhabitable.  In  this  coob- 
try  1  should  suppose  the  population  of  the  chalk  district  lee 
than  of  any  other  secondary  rOck  in  proportion  to  its  size,  bat 
though  a  large  part  of  the  chalk  land  lies  in  common,  I  believe 
there  is  none  absolutely  unproductive ;  but  Dunstable  Downi 
and  Luton  Downs  in  Bedfordshire,  and  the  Warden  White  hilh 
ibrm  a  tract  of  4000  acres  almost  in  a  state  of  nature.  The 
Tallies  are  often  extremely  fertile,  so  much  so  that  in  Kent  and 
Surrey  many  hop  grounds  are  situated  upon  this  descriptioa  of 
soil,  and  the  downs  afford  excellent  pasturage  for  sheep.  A 
chalk  soil  is  favorable  to  the  growth  of  sanfoin  and  clover,  and 
if  well  manured,  becomes  good  land  for  turnips,  barley,  and 
wheat.  The  red  chalk  of  the  Wolds  north  of  Louth  in  Lia« 
colnshire  is  considered  excellent  for  turnips  and  barley.  (G. 
Notes.  Unc.  Agr.  Survey.)  The  beech  is  the  tree  best  adapted 
to  a  clialky  soil  It  may  be  seen  growing  in  great  luxuriancf 
at  Knockholt,  Tring,  Henley,  Fareham,  Norbury,  &c.  Htui* 
vanby  is  ffell  wooded  notwithstanding  its  proximity  to  the  sea 
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The  Chiltem  hills  in  Oxfordshire  wore  formerly  covered  witli 
thickets  and  woods  of  becclt,  and  afforded  harbour  to  numeroas 
buditti.  Ifence  the  office  of  steward  of  the  Chiltern  huudreds, 
BOW  become  a  nominal  office,  the  occupancy  of  which  howeTcr^ 
II  it  is  held  under  the  crown,  enables  a  member  to  vacate  bit 
seat  in  parliament.  (Capper's  Diet.)  Box  hill  in  Surrey  has 
received  its  name  from  the  luxuriance  of  the  box  wood  growing 
tipoD  it,  and  which  is  to  be  met  with  all  the  way  tliencc  to . 
Gaiidford.  The  excellence  of  the  soil  covering  chalk  is  well 
known  to  the  frequenters  of  Epsom  and  Newmarket.  (G« 
Notes.) 

(i)  Phenomena  of  springs  and  xzclls  in  this  format  ion  ^-^ 
The  following  observations  on  this  head  are  extracted  from 
Mr.  Middle  ton's  memoir  in  the  Monthly  Magazine.     (C.) 

The  lower  beds  of  the  chalk  formation,  and  every  fissure  in 
them,  are,  with  few  exceptions,  completely  filled  with  water* 
AU  the  rain  and  snow  which  fall  upon  chalk,  percolate  down* 
wirds  to  the  base,  where  the  water  is  stopped  by  a  subsoil  of 
hlne  clay,  and  that  occasions  it  to  accumulate  in  the  chalk, 
until  it  rises  to  such  a  height  as  doth  enable  it  to  flow  over  the 
sarface  of  the  adjoining  land.  In  this  manner  are  formed  the 
I  springs  and  rivulets  which  issue  near  the  foot  of  every  chalk 
[  hill.  In  the  Cove  at  West-Lulworth,  fine  fresh  water  streams 
Ibnn  the  base  of  the  adjoining  mountain  of  chalk,  just  above 
the  level  of  the  sea.  The  water  which  issues  from  the  chalk 
It  Croydon,  Beddington  and  Carshalton,  forms  the  river  Wan* 
<ile,  and  the  same  thing  happens  at  other  places. 

Mr.  Hilton  Joliffe  made  a  culvert  several  hundred  yards  in 
Itogtb,  from  a  level  so  low  as  to  pass  through  his  works  in  the 
chalk  at  Merstliam  in  Surrey,  by  which  a  rivulet  of  water,  suf- 
ficient to  turn  a  mill,  is  constantly  nnming  off.     It  cost  a  con* 
iiderable  sum  of  money,  all  which  it  is  believed  might  have 
heen  saved,  by  the   easy  operation  of  boring  a  few  yards  in 
depth,  through  the  subsoil  of  blue  clay,  into  the  sand  which 
Het  under  it.     This  culvert  drains  the  water  off  in  such  a  man* 
[     Ber  as  to  enable  him  to  raise  the  lower  beds  of  the  chalk  stra* 
[     torn.     (Middleton.  Monthly  Mag.  Nov.  1812.) 
I        We  have  before  observed  that  most  of  the  rivers  which  tra* 
Terse  this  formation,  rise  in  the  older  rocks  beyond  its  escarp- 
ment, and  flow  through  valleys  excavated  across  its  chain  ;  the 
Sssofed  and  porous  character  of  this  rock  in  fact  prevents  its 
giTing  rise  to  any  considerable  springs.     (C.) 

Two  exceptions  to  this  general  rule  liave  however  already 
been  mentioned,  and  will  be  found  in  the  section  presented  by 
the  sinking  of  Liptrap  &  Smith's  well  at  their  distillery  one 
mile  on  the  east  pf  London,  (page  45)  ^  by  which  it  will  b« 
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•bserred  that,  accordiag  to  the  report  of  the  engineer  vli» 
superintended  the  sinking  of  the  well,  the  springs  found  in  die 
chalky  which  was  bored  into  160  feet,  were  more  copiovs,  tad 
fose  to  the  same  height  as  the  springs  foand  in  the  beds  of  the 
Plastic  claj  formation  overlying  it.  A  considerable  spring  of 
pure  water  issues  from  the  chalk  at  foot  of  the  cliff  on  whick 
DoTer  castle  stands,  discoverable  onlj  at  low  water,  and  jndf* 
ing  froTn  its  situation,  it  may  be  considered  as  issuing  from  be* 
tween  the  chalk  with  few  flints,  and  that  without  Hints,  wbick 
are  separated  by  a  bed  of  soft  chalk-marle.  The  weil  withia 
the  walls  of  the  castle,  said  to  be  400  feet  deep,  but  in  whid 
the  water  stands  a  very  inconsiderable  height,  is  probably  sap- 
plied  from  the  same  source.  A  copious  spring  of  water,  called 
Lidden  spout,  raus  from  the  grey  clialk  between  Dover  aid 
folkstone.     (P.) 

Although  two  springs  issued  from  tlie  chalk  as  abore  recited, 
on  the  east  of  London,  and  within  125  feet  from  its  surface,  no 
spring  was  found  by  boring  100  feet  into  it  at  Stamford  bill, 
three  miles  on  the  north  of  the  metropolis ;  and  it  is  said  tkat 
at  Royston  in  Hertfordshire,  it  tias  been  penetrated  to  tkt 
depth  of  400  feet  witliout  finding;  water.    (P.) 

The  occasional  absorption  of  the  Mole  in  a  part  of  its  cosne, 
where  running  between  the  cimlk  hills  of  Surrey,  perhaps  de- 
•enres  to  be  noticed,  especially  as  Combden  and  Pope  hate 
exaggerated  the  circumstance  into  its  occupying  a  constant  sob* 
terraneous  channel.  The  following  account  of  this  livcr  is  froai 
Maiming*s  history  of  Surrey.    (C.) 

^  The  iVJole,'  say^  Camden, '  coming  to  White  hill  (the  same 
probably  that  now  is  called  Box  hill)  hides  it:»elf,  or  is  ntber 
swallowed  up,  at  the  foot  of  the  hill  there  ;  and,  for  that  rea* 
son,  the  pluce  is  called  the  Swallow  ;'  but,  about  two  miles 
below,  it  bubbles  up  and  rises  again  ;  so  that  the  inhabitaoti 
of  this  tract,  no  less  than  the  Spaniards^  may  boast  of  having  t 
bridge  that  feeds  several  flocks  of  sheep.*  From  this  fabulou  * 
account,  plainly  founded  on  an  idea  suggested  by  connmon  re* 
port,  the  reader  might  be  led  to  imagine  that  the  river  actually 
disappears  at  this  place — forms  a  channel  beneath  the  surface 
of  tiie  earth,  and  at  a  certain  distance  rises  again,  and  pursues 
its  course  above  ground.  But  the  truth  of  thi*  matter  seems 
to  be  this.  The  soil,  as  well  under  the  bed  of  the  river,  as 
beneath  the  surface  on  each  side,  being  of  a  spongy  and  poraos 
texture,  and  by  degrt*es  probably  become  formed  into  cavcrnt 
of  different  dimensions,  admits,  through  certain  passages  in  the 
banks  and  bottom,  the  water  of  the  river.  In  ordinary  aeasoai 
these  receptacles  being  full,  as  not  dischargin;^  thtir  contents 
faster  than  thej  arc  supplied  by  the  rivcr^  the  water  of  the 
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rer  does  not  subside,  and  the  stream  suffers  no  diminution, 
at  in  times  of  drought,  the  water  within  these  caverns  being 
iduallj  absorbed,  that  of  the  river  is  drawn  off  into  them ; 
id,  in  proportion  to  the  degree  of  drought,  the  stream  is  di« 
inished.  In  yerj  dry  seasons,  the  current  is  in  certain  places 
Mrticularlj  at  Burford-bridge,  near  Box  hill,  and '  a  little 
wer,  between  that  and  Norbury  park  gate,  and  at  that  gate 
id  Norbury  meadows)  entirely  exhausted,  and  the  channel 
sains  dry,  except  here  and  there  a  standing  pool.  By  the 
idge  at  Thomcraft  it  rises  again  in  a  strong  spring,  and  after 
wt  the  current  is  constant.  At  a  place  called  the  Way-pool^ 
iirthe  turnpike-gate,  but  on  the  side  of  the  river  next  to  Box- 
U,  the  method  in  which  the  water  is  thus  drawn  off,  is  visible 
r  the  observer.  It  hath  here  formed  a  kind  of  circular  basin 
Nmt  30  feet  in  diameter,  which  is  supplied,  in  the  ordinary 
ite  of  the  current,  by  an  inlet  from  the  river  of  about  two  feet 
breadth,  and  one  in  depth.  This  inlet  being  stopped,  the 
Iter  in  the  basin  is  soon  observed  to  subside ;  and,  in  less 
an  an  hour,  totally  disappears:  when  the  chasms,  through 
Idch  it  passes  off,  at  different  depths  from  the  upper  edge  of 
e  bank  may  be  easily  discerned.  And,  from  this  circum* 
owe  of  betaking  itself  occasionally  to  these  subterraneous 
isnges,  the  river  probably  derived  its  present  name  of  the 
[ofe.  In  more  ancient  times  it  seems  to  have  been  called  the 
mlay.  (Manning's  Surrey,  vol.  I.  iii.) 
Mear  the  bottom  of  Hawke's  hill  is  a  large  pond,  formed  by 
ifeml  strong  springs,  which  are  seen  in  many  places  rising 
BB  Its  bed  with  strong  ebullitions.  It  turns  a  mill,  capable 
I  grindfaig  20  loads  of  com  a  week,  and  in  a  few  yards  runs 
iId  the  river  Mole.     (Manning's  Surrey,  vol.  I.  p.  482.) 


Section  III. 

Particular  view  of  the  Sections  of  this  Formation  in  the 

cUffs  of  the  southern  coast. 

Yh  hove  already  observed  that  the  sections  of  this  forma* 
i%  exhibited  in  the  many  magnificent  ranges  of  cliffs  on  the 
lidieni  coast  which  result  from  them,  and  whence  our  island 
apposed  to  have  derived  one  of  its  earliest  names,  are  so  im- 
irtent  as  to  demand  a  particular  examination,  and  on  this  we 
iwjpropoie  to  enter.    (C*) 


4^  BMkIL    Caiap.I.    Chalk  FmmaMftu 

(a)    ISLE  OF  THANET. » 

Conmendng  oar  examination  on  the  east,  tbese  natural  diu 
playi  of  the  interior  of  this  formation  iiiil  be  found  to  con- 
sience  in  the  Isle  of  Thanet,  which  is  entirely  composed  of 'thb 
rock,  the  section  of  which  forms  continuous  lines  of  low  cliffs 
along  the  northern  and  eastern  borders,  rapidly  worn  away  by 
the  action  of  the  sea,  and  often  in  consequence  presenting  fiA- 
tttstic  appearances  of  detached  pillars.  The  north-€^a8te^l  cape, 
ealled  the  North  Foreland,  forms  the  loftiest  point ;  the  diii 
^re,  however,  are  only  between  100  and  200  feet  in  height: 
l^tween  this  point  and  Margate,  the  lowest  strata  are  exhibited, 
liie  chalk  without  flints  making  its  appearance :  hence  the  strata 
gradually  decline,  though  under  an  imperceptible  angle,  towanb 
^e  south-west,  in  which  direction  the  upper  beds  of  the  chalk 
sink  and  disappear  beneath  the  more  recent  formations,  which 
autenrene,  and  separate  this  chalky  tract  from  the  main  chaia 
•f  the  North  downs  of  Kent. 

Ob  the  south  of  the  Isle  of  Thanet,  a  flat  tract  of  this  cha- 
racter extends  beyond  Deal,  to  Walmer  castle,  where  the  clifi 
oC  the  South  Foreland  emerge  and  gradually  gain  an  imposing 
height,  through  a  tract  of  15  miles  to  the  south-west,  rangiof 
by  Dover  towards  Folkstone. 

These  clifls  afibrd  one  of  the  best  opportunities  for  stndyia^ 
the  chalk  formation  which  can  any  where  be  found  ;  they  harr 
been  particularly  described  in  a  memoh*  communicated  to  thf 
Cxeological  Society ;  and  as  the  observations  there  given  appear 
t#  contain  a  more  minute  examination  of  the  several  constitiifat 
strata  than  has  been  made  elsewhere,  a  great  part  of  it  is  hert 
inserted. 

(b)    CLIFFS  EAST  AND  WEST  OF  DOVER. f 

A  natural  section  of  the  chalk  is  presented  by  the  clifs 
r\i(>nding  from  Dover  about  eight  miles  eastward  towards 
Deal,  and  five  miles  westward  towards  Folkstone. 

Tlie  highest  point  of  the  range  is  in  the  immediate  neigh- 
bourhood of  Folkstone,  about  a  mile  north  of  the  town,  and 
hj  according  to  the  survey  published  by  the  Board  of  Ord- 
nance, 575  feet  above  the  level  of  the  sea.  From  the  sigoaJ- 
hoiise  above  Folkstone,  the  depression  of  the  cliff  towndf 
Dover  is  very  gentle.  The  hill  on  which  Dover  Castle  studi) 
ii,  at  its  highest  part  near  the  Turnpike,  390  feet  high :— aid 
if  we  suppose  the  cliff,  where  the  castle  walls  terminate^  to  be 

♦  By  the  Rev.  W.  D.  Conybeare. 
1  From  the  Trantactions  of  the  Geological  Society,  vol.  5. 
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•t  lower,  which  must  be  aear  the  fact,  we  shall  aisiiine  it 
in  that  place,  340  feet  high.  From  this  place,  the  cliff, 
allj  speaking,  declines  in  height  gradually  towards  Deal, 
nating  about  a  mile  from  that  place,  and  disappearing 
Walmer  Castle,  beneath  rubble  and  alluvial  matter  with 
li  it  is  there  covered  to  the  depth  of  16  or  20  feet.* 
this  long  range  of  cliffs.  Which  in  many  places  forms  an 
^diate  barrier  to  the  sea,  it  is  not  to  be  expected  that 
r  part  should  be  equally  accessible  to  investigation.  Be- 
D  Deal  and  DoVer  there  is  but  little  difficulty,  nor  for 
y  half  the  way  from  Dover  towards  Folkstone ;  but  in  the 
r  half  of  that  distance,  an  immense  fall,  or  rather,  it 
Id  seem,  repeated  falls  have  taken  place ;  so  that  that 
of  the  cliff  of  which  the  beds  remain  in  tt/ti,  is,  at  its 
tmity  beneath  the  signal-house,  nearly  a  mile  from  the 
\  The  ruin  lying  between  thfs  cliff  and  the  sea,  for  about 
\  miles  in  length,  affords  scenery  inferior  in  beauty  to  the 
idercliff "  of  the  Csle  of  Wight,  only  because  from  its  wi^it 
^1,  it  is  less  susceptible  of  cultivation;  while  from  the 
cause  its  grandeur  is  more  striking.  The  greater  part  of 
>wever,  is  sufficiently  covered  by  herbage  to  have  become 
(turage  lor  cattle.  The  cliffy  bounding  this  ruin  towards 
sea,  is  from  its  position,  evidently  not  m  5t/u,  and  it  is 
Uy  clear  that  the  enormous  masses  of  which  it  is  com- 
1,  have  fallen  forward  from  near  the  summit  of  the  cliff 
tu. 

I  the  less  precipitous  parts  of  the  cliff,  and  particularly 
I  that  part  of  it,  between  which  and  the  sea  the  ruin  lies, 
in  a  considerable  degree  covered  by  herbage;  which 
ever  does  not  prevail  so  greatly  as  to  prevent  the  obser* 
«,  that  it  is,  throughout  its  whole  length  from  Walmer 
le  to  Folkstone,  very  distinctly  stratified ;'  that  the  strata 
numerous,  regular,  and  perfectly  defined,  although  from 
nature  of  the  cliff  it  is  not  possible  every  where  to  trace 

almost  the  whole  line  of  tbtie  cliffs  is  more  or  less  covered  by  alhi« 
,  but  of  two  softs;  one  consistinfr  of  a  red  sand  or  sandy  marie,  oeca- 
lly  cozMainiag  soangles  of  mica  and  rery  coosiderable  quantities  of 
en  flint,  detacned  doubtless  by  remote  causes  from  the  beds  of  the 
r  chalk  which  once  enclosed  them,  and  which  have  been  destroyed, 
alluvium  prevails  most  near  the  signaUhouse  on  the  summit  of  the 
ibove  Folkstone  i  and  it  is  seen  in  many  places  filling  up  the  gullies  or 
indenutions  made  below  the  surface  of  che  chalk,  most  probably  by 
ction  of  water.  The  other  variety  of  alluvium  consists  of  a  grcyisK 
,  cnclosine  small  rounded  portions  of  chalk  and  occasionally  of  flmt ; 
Mtwcca  this  latter  and  the  chalk  in  situ,  are  occanonally  visible  con* 
ible  deposits  of  chalk  rubble,  as  on  the  summit  of  the  low  cliff  on  the 
of  Dover,  and  near  3t.  Margaret's  bay  oa  the  east.    (G.  T.  vol.  % .) 
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the  rtratificadon.  The  chalk  with  nmncroDS  flints,  that  witi 
few  flints^  that  wlthont  flints,  and  the  grej  chalk,  all  app^ 
ill  the  cdttrse  of  this  range ;  and  with  them  are  connected  ion 
beds  consisting  wholly  of  organic  remains,  that  have  not  bee 
described  as  occnrring  in  other  places.  The  strata  lie  in  til 
following  order,  and  are  teoilectiTely  about  8t0  feet  thick. 

1st.  The  Chalk  with  numeroui  JinU ;  it  is  about  360  fe 
thick,  and  maj  be  thus  divided : 

'  I.  With  few  oiganic  remains,  (a)  of  the  sketch  beneit! 
lying  upon 

11.  A  bed  consistung  chiefly  of  organic  remains ;  in  w1ii( 
numerous  flints  of  peculiar  forms  are  interspersec 
and  a  few  beds  of  flint  ran  along  it  This  bed  (b) 
termed,  the  Chalk  wiih  mieriperied^fimii. 

9d.  The  Chalk  with  feu>  flints  i  This  stratum  (c)  b  ate 
1 30  feet  thick. 

3d.  The  Chalk  without flinU  is  140  feet  thick,  and  consists 

I.  A  stratum  containing  very  numerous  and  thm  beds 

organic  remains,  (2)  00  feet  thick. 
II.  A  stratum  about  50  thick,  with  few  organic  remauis.( 

4th.  The  Grey  Chalk ;  this  is  estimated  to  be  not  less  tk 
200  feet  in  thickness.  (/).  ♦ 


Shakspeare^  CIi£ 


The  above  sketch  (which  includes  Shakspeare's  cliff  a 
about  a  mile  on  the  west  of  it)  exhibits  the  actual  position 
all. the  beds,  but  the  bed  (a)  forms  the  principal  part  of  i 
cliffat  Dover  Castle. 

The  clifl^  do  not  run  in  the  same  direction  throughout  Ik 
whole  length.  From  the  signal-house  above  Folkstone  to  \ 
South  Foreland,  their  general  bearing  is  north-east  by  ea 
from  the  ktter  plaoe  the  cliff  is  somewhat  curved  to  St.  tt 
garet's  bay  \  whence,  to  Walmer  castle,  the  directicm  is  nea 
due  north.  Although  the  stratification  is  every  where  visible 
a  greater  or  less  degree,  it  is  best  observed  by  tracing  the  jai 
tion  of  the  Qhalk  without  flints,  with  the  soperincniobeut  I 

^  Qoait  (^  France 
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of  organic  remains.  This  is  visible  with  little  interruption  for 
(Ire  miles,  from  the  signal-house  above  Folkstone  to  the  foot  of 
Shakspeare's  Cliff,  in  which  distance  it  dips  only  about  300 
feet,  in  the  direction  of  north-east  b j  east. 

Proceeding  from  St.  Margaret's  Bay,  the  beds  of  flint  appear 
to  have  nearly  the  same  dip  towards  the  north :  \i  hence  it 
may  be  concluded^  that  the  chalk  strata  in  the  neighbourhood 
of  Dovfr  dip  somewhat  less  than  a  degree  towards  a  point 
between  north-east  by  east  and  north. 

CUALK  WITH  NUMEROUS  FLINTS. 

I.  With  few  Organic  remains. 

The  low  range  of  cliff  between  Walmer  Castle  and  St  Mar* 
^et's  Bay,  being  about  five  miles  long  from  north  to  south, 
consists  altogether  of  the  chalk  with  numerous  flints.  The  rise 
of  the  clilTis  gradual ;  its  highest  part  being  that  immediately 
cootigaous  to  St.  Margaret's  Bay,  where  it  scarcely  attahis  200 
feet  in  elevation.  In  consequence  of  its  nearly  uniform  hard« 
sess  from  the  base  to  the  summit,  it  is  almost  precipitous,  and 
soffers  but  little  from  decay  or  casual  fall ;  but  it  is  so  low  ia 
fome  places,  as  at  Kingsdown  Bay  for  instance,  as  scarcely  to 
exceed  20  feet  above  the  beach.  The  beds  of  flints  are  fre-> 
^nent  and  thin,  being  on  an  aTerage  scarcely  two  feet  apart ; 
tnd  the  flints  are  obviously  separate  from  each  other.  But  a 
reoiarkable  deviation  from  this  general  rule  is  observable  im- 
laediately  on  the  west  of  St.  Margaret's  Bay ;- where  a  con- 
flmums  stratum  of  flint,  about  an  inch  and  a  half  thick,  rises 
tnm  the  beach,  and  is  readily  traced  at  least  two  miles  from 
that  bay :  soon  afterwards  another  rises  which  is  about  half  an 
inch  thick,  and  is  visible  for  nearly  a  mile  about  20  feet  below 
flie  former. 

Quitting  St.  Margaret's  Bay  for  Dover,  the  chalk  with  nu- 
merous flints  appears  to  rise  gradually;  forming,  at  the  latter 
place,  when  viewed  from  the  shore,  apparently  about  one- 
third  the  whole  height  of  that  part  of  the  cliff  upon  which  the 
CuOe  stands.  Soon  after  leaving  St.  Margaret's  Bay,  the  beds 
of  flint  begin  to  increase  in  distance  and  in  thickness ;  in  the 
^tter  respect  they  go  on  increasing  to  that  part  of  the  cliff 
Mich  is  immediately  beneath  the  castle ;  where  the  thick 
Ms,  protruding  at  least  two  feet  beyond  the  chalk,  give  rise 
to  the  idea  of  their  consisting  each  of  one  mass  of  flint,  but 
I  tWB  their  ragged  edge^,  as  viewed  from  below,  seem  to 
yeader  at  least  doubtfoL  Some  of  these  beds  exceed  a  foot 
in  tluckncss« 
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'  Th»  chalk  with  nnmeioas  flints  is  again  visible  on  the 
west  ^  the  ca&tle,  at  a  still  greater  elevation.  That  it  foras 
the  upper  part  of  this  height,  was  proved  in  making  the  ex* 
tensive  fortifications  on  its  sammit,  as  well  as  the  openiofs  t 
little  beneath  it,  immediately  below  the  citadel,  whicli  wen 
intended  for  the  reception  of  some  part  of  the  troops  statuNied 
at  Dover  daring  the  war.  These  openings  (a  of  the  precediof 
sketch)  are  in  an  unfinished  and  minous  state,  but  thej  senred 
to  evince  an  interesting  fact.  Elach  of  these  four  chambers  ii 
driven  into  the  hill  about  100  feet,  and  is  perhaps  M  wids 
and  15  feet  high;  and  in  each,  the  only  roof  left  to  sappeit 
the  superincumbent  challL  is  a  bed^  not  ofjiinii^  but  ofJUnt; 
the  whole  is  one  nearly-continaous,  though  not  regularly  taba* 
lar  and  evenly-disposed  mass.  The  belief  of  the  existence  af 
this  fact,  in  regard  to  at  least  many  of  the  beds  of  flint  in  tiM 
upper  chalk  near  Dover,  was  previously  entertidned,  bj  obsaiT* 
kig  the  workmen  on  the  shore  cleave  several  blocks  of  chalkt 
each  eight  or  ten  feet  square,  close  to  the  beds  of  flint  pasriag 
through  them ;  and  in  every  instance,  examination  proved  duit 
the  flint  of  each  bed  so  exposed,  was  connected  togt^ther :  not 
that  it  formed  one  plane  surface  ;  but,  though  varying  in  thick* 
ness  from  six  to  18  inches,  the  flint  would,  if  it  cjould  have  beoi 
taken  off  whole,  have  exhibited  occasional  cavities,  which,  eoU 
iectively,  would  have  formed  but  a  small  proportion  of  the  wImJs 
surface.  A  man  who  had  been  employed  on  this  work  during 
eighteen  years,  asserted  that  he  had  always  observed  the  sant 
Uct. 

The  flint  thus  exposed  for  the  first  time,  is  sometincs 
eracked  through  in  several  places,  from  one  cavity  to  the  next: 
and  the  fractured  surface  always  appears  more  or  less  whita 
and  opake.  Such  a  fracture  seems  explicable  only  by  the  sop- 
position  of  a  contraction  baring  taken  place  in  the  ffint  whiia 
in  its  natural  position.  Nor  does  it  appear  at  all  improbabla 
that  a  contraction  had  actually  taken  place.  Flint  newly  dis- 
engaged from  its  natural  bed,  is  much  more  brittle,  requires  a 
much  lighter  blow  to  break  it,  than  flint  that  has  been  long 
exposed.  *  This  may  perhaps  be  owing  to  the  moistuie  or 
water  belonging  to  the  flint  in  its  natural  state,  but  which  it 
loses  in  great  measure  by  the  joint  action  of  the  air  and  son. 

As  the  opake  white  substance,  which  in  some  cases  only  sur- 
rounded the  edges  of  the  fractured  surface,  did  not  pn^ect 

*  Tht  flint  gnvel  uied  for  mending  the  roidt  round  London^  b  ia  Mali 
placet  providently  taken  from  the  pit  some  time  before  it  b  vrutad,  and 
exposed  to  tha  action  of  the  air  and  sua  s  for  this  practice  the  aUegid  ra*" 
tea  U,  that  it  hardenri  whiob,  probably  is  tfat  &ct. 
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If  jood  the  ccmtral  part,  still  retaining  the  black  colour  of  the 
iiteraal  part  of  (he  flint,  it  is  clear  that  it  was  not  a  coating ; 
but  on  the  contrai  y ,  this  circumstance  seems  to  furnish  strong, 
if  not  conclusive  evidence  of  its  being  the  consequence  of  dis- 
integration, proceeding  from  causes  that  have  not  hitherto  beea 
explained.  The  alluvium  of  the  surrounding  country  corrobo- 
ntes  the  supposition ;  every  where  it  includes  a  multitude  of 
fragments  of  flint,  the  broken  surfaces  of  which  always  exhibit 
die  same  appearance  of  disintegration. 

It  is  also  to  the  progress  of  disintegration  that  we  are  to 
ascribe  the  existence  of  the  white  opake  coating  by  which  the 
mass  of  every  flinty  stratum  is  more  or  less  covered,  while  yet 
in  its  natural  bed.  In  no  instance  did  there  appear  any  well 
defined  line  of  separation  between  the  flint  and  the  opake  coat- 
ing, which  not  unfrequently  is  half  an  inch  thick,  and  which 
by  exposure  to  the  sea  becomes  more  compact,  and  hard  enough 
to  ndmit  of  a  coochoidal  fracture.  Between  its  outer  surface 
ud  the  black  flint,  it  is  not  uncommon  to  observe  two  or  three 
thin  bands  of  flint.  If  the  white  substance  be  the  consequence 
of  disintegration,  it  seems  reikiarkable  that  these  bands  should 
lOiTe  been  thus  left  untouched.  In  order  to  ascertain  the  na- 
tore  of  the  white  substance  surrounding  the  flint,  three  portions 
were  selected  with  care.  One  from  without  the  band — another 
fimn  between  the  band  and  the  flint — and  the  third  of  one  in 
which  there  was  no  band.  These  my  brother  took  with  a 
Tiew  to  determine  what  proportion  of  each  consisted  of  lime, 
in  case  any  should  be  found.  The  two  first  consisted  wholly 
of  nliceous  matter;  the  last  of  86  per  cent,  of  silica  and  14  of 
carbonate  of  lime.  All  the  fragments  were  of  a  granular  tex* 
tare,  and  sufficiently  hard  to  cut  glass ;  each  also  left  a  whitish 
streak  on  the  finger  when  rubbed  with  considerable  pressure 
Vpoo  it ;  the  last  in  the  greatest  degree. 

Large  fragments  of  striped  flint  of  a  grey  colour  are  often 
discoreiable  among  those  which  have  been  taken  from  the  in- 
Wrior  beds  in  the  upper  chalk,  but  they  frequently  contain  a 
nucleus  of  black  flint,  from  which  the  grey  stripes  diverge  aa 
ttom  a  common  centre. 

Such  flints  as  are  interspersed  in  the  chalk  of  the  stratum 
lith  numerous  flints,  have  usually  some  orgaidc  appearance. 
They  are  occasionally  found  in  pear-shaped  masses  resembling 
file  head  of  the  alcyonium ;  sometimes  in  the  form  of  nearly 
Hifect  spheres,  which  are  solid,  and  do  not  commonly  exceed 
hlf  an  inch  in  diameter,  but  are  often  much  less.  Others  of 
M  particular  external  form,  have  internal  cellukir  or  ramifyiag 
^vltiit  which  seem  to  indicate  the  same  origin.  Others  again 
**^  10  decidedly  to  have  been  formed  around  sponges,  that 
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iSbe  flint  has  entered  all  the  ramificatUms,  the  fonna  of  wUd 

therefore  remain. 

It  is  not  uncommon  to  find  flints  inclosing  man  j  of  the  shelh 
observable  in  the  chalk,  and  impressions  of  the  few  Taiieties  of 
•chinaB  common  to  that  of  Dover,  the  shells  having  been  re* 
placed  by  carbonate  of  lime,  or  the  space  thej  once  oceapldl 
being  left  vacant ;  so  that  the  internal  cast  of  the  shelly  wliidi 
is  of  flint,  is  in  some  cases  connected  with  the  sarronndqi 
■lass  by  fine  filaments  of  siliceous  matter,  arranged  precisdj 
in  the  order  of  the  small  perforations  commonly  visible  in  tb^ 
shell,  which  therefore  must  have,  been  formed  while  the  didl 
was  yet  entire.  Shelb  enclosed  in  flint  are  usually  filled  witK  -j 
the  same  substance ;  if  only  adhering  to,  or  partially  imbedded 
in  it,  they  are  generally  filled  with  chalk. 

About  40  feet  below  the  summit  of  the  cliff  beneath  tai 
castle  walls,  lies  a  bed  of  a  substance  greatly  resembling  hafl 
chalk  marie,  parallel  to  the  beds  of  flint.  It  is  about  18  indici 
thick,  and  is  distinguishable  from  below  by  its  being  of  a 
brownish  yellow  colour ;  and  being  harder  than  the  chalk.  It 
protrudes,  presenting  a  rugged  knotty  surface.  Such  portkoi 
of  it  as  fall,  are  collected  by  the  lime-burner,  who  can  convert 
them  into  lime  only  by  using  coal,  instead  of  the  ashes  usually 
employed  in  the  burning  of  chalk.  Between  this  bed  and  ths 
•ammit,  a  horizontal  crevice  is  visible  in  the  chalk,  indicatiac 
the  presence  of  a  bed  of  chalk  marie.  Several  other  beds  ax 
hard  chalk  marie  are  visible  in  the  upper  chalk  east  of  tha 
castle,  between  the  beds  of  flint. 

n.  Bed  of  Organic  Remains  with  inierspened  FUnii. 

liVhen  viewing  the  middle  part  of  the  cliff  from  its  basij 
beneath  Dover  castle,  a  singular  roughness  is  visible.  Vj 
ascending  the  green  slope  of  some  ruin,  it  will  be  found  to 
proceed  in  a  great  degree  from  its  having  inclosed  a  vast  mnl^ 
titude  of  organic  bodies  of  various  kinds,  amongst  which  the 
remains  of  a  few  varieties  of  the  echinus,  and  the  ochreons 
marks  of  some  varieties  of  sponge,  are  extremely  frequent.  In 
part  also  the  tuggedness  proceeds  from  a  vast  nomber  of  small 
flints  irregularly  interspersed  through  the  bed,  but  which  ara 
not  visible  from  below,  because  such  parts  of  them  as  are  ex^ 
posed  partake  of  the  colour  of  the  bed ;  for  being  separate, 
and  mostly  small,  they  do  not  commonly  shew  any  fracture. 

The  numerous  knotty  projections  of  this  part  of  the  cliff  afQ 
much  harder  than  chalk  commonly  is,  and  than  that  in  whicli 
they  are  imbedded.  These  remains  of  organic  bodies  do  not 
lie  iu  thui  or  separate  beds  3  but  form  one  large  bed,  occupy- 


Sect.  III.    SecHoni— Dover.  97 

g  tboat  one-third  part  of  the  whole  height  of  the  cliff  beneath 
le  castle,  and  in  the  centre  of  it. 

The  beds  of  flint  lying  immediately  above  this  bed  of  organic 
mains,  are  less  frequent  and  much  thinner  than  those  which 
fe  nearer  to  the  summit  of  the  cliff,  and  some  beds  of  flint  are 
lible  among  the  organic  remains.  Indeed  there  does  not  ap- 
eir  any  decided  line  of  separation  between  this  bed  and  the 
^rincumbent  chalk  with  numerous  flints ;  and  hence  we  maj 
Slider  this  bed,  though  it  contains  comparatively  very  few 
edi  of  flint,  as  the  lower  part  of  the  chalk  with  numerous 
into. 

Hie  whole  bed  has,  from  belowj  a  greyish  appearance  ;  and 
y  this  It  may  be  traced  by  the  eye  for  at  least  two  miles, 
ipping  gently  in  its  course,  which  terminates  at  the  foot  of 
lie  cliff  just  at  St.  Margaret's  bay,  four  miles  on  the  east  of 
tover.  It  may  be  seen  along  the  cliff  at  the  back  of  the  town 
f  Dover,  and  is  visible  west  of  it  as  forming  the  upper  part 
f  Shakspeare's  cliff,  and  terminating  on  the  summit  of  the  cliff 
boot  two  miles  beyond  it.  Its  run  is  discoverable j  not  by  the 
iterior  roughness  alone,  but  also  by  the  presence,  near  the 
•ttom  of  it,  of  two  parallel  and  rather  thick  beds  of  flint, 
rhich  are  about  four  feet  apart,  and  may  be  seen  along  the 
rhole  coarse  of  the  bed,  as  it  has  been  described.  Between 
bese  beds  of  flint,  lies  a  thin  bed  of  soft  roarle,  which,  bo* 
onung  friable  and  crumbling  away  by  exposure,  leaves  a  ere* 
ice  which  accompanies  the  beds  of  flint,  and  which  is  visible 
or  the  greater  part  of  their  run;  and  a  similar  bed  is  visible 
artllel  to  it,  about  three  feet  beneath  the  lower  bed  of  flint. 

Hie  newly  broken  parts  of  such  masses  as  fall  from  this 
bitum  on  the  beach,  shew  that  the  chalk  of  it  is  yellower 
aternally  than  the  superincumbent  chalk  with  numerous  flintl, 
rhich  is  very  white ;  they  are  also  extremely  rugged,  and  the 
Dore  prominent  parts  are  much  harder  than  chalk  commonly 
1.  lit  is  impossible  to  detach  any  of  the  numerous  inequalities 
Ml  these  masses,  without  discovering  some  organic  appearance. 
Sone  resembled  vegetable  stems  coated  with  chalk  of  a  dif- 
ferent colour.  There  often  appears  a  cylindrical  mass  of  whitbh 
chslk,  surrounded  by  concentric  coatings  of  the  same  sub- 
stance of  a  darker  colour,  which  sometimes  amounted  to  ten 
b  number.  Ochreous  traces  of  several  varieties  of  sponge  are 
Qtewise  visible ;  bat  by  far  the  greater  number  of  the  project- 
ing portions  consist,  when  detached,  of  shapeless  masses  of 
cijilk  which  are  considerably  hard,  and  which  in  some  respect 
^  other,  either  by  exhibiting  a  slightly  porous  texture,  or  a 
striated  sarface,  always  induced  the  belief  of  organic  origin. 
'Rtase  striated  portions  are  very  hard  within;   the.extem«l 
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fttriae  arc  sorhetimes  very  regular.  Among  other  orgmic  N- 
mains  afforded  by  these  masses,  was  extricated  the  cast^  h 
chalk,  of  a  small  nautilus,  which  had  not  been  preTioady 
discovered  in  the*  upper  chalk. 

Such  is  the  genend  hardness  of  this  bed,  that  the  worinnoi 
employed  in  blasting  the  cliff,  and  squaring  the  chalk  for  die 
purposes  of  the  harbour,  always  leave  untouched  such  mum 
of  it  as  fail,  except  they  belong  to  the  lower  part  of  the  bed; 
\i'hich,  containing  fewer  organic  remains,  it  readily  sqnand. 
The  axe,  when  «tmck  upon  the  chalk  of  the  upper  or  middk 
part  of  this  bed,  returns  a  sound  so  exactly  similar  to  that  ti 
striking  upon  flint,  that  the  workman  could  only  couTince  tm 
tliat  no  flint  was  there,  by  clearing  away  what  he  had  struck. 

Throughout  this  bed  of  organic  remains,  numerous  thin  veiM 
of  a  grey  colour  run,  generally  speaking,  parallel  with  the 
stratum.  These  veins  however,  are  not  strsdght,  but  undulaftp) 
terminating  imperceptibly,  being  again  renewed  a  little  aboift 
or  below.  Some  masses  that  had  been  split  by  the  worklMl 
along  these  vein;!,  gave  the  opportunity  of  examining  their  na- 
ture, and  it  became  very  evident  that  they  originated  in  ^ 
presence  of  some  organized  body.  It  was  easy  to  detach  fron 
every  part  of  the  newly  exposed  surface,  hard  conical  mawii 
floriated  from  the  summit  to  the  base  by  lines  of  a  dirty  brawi 
colour,  which  were  glossy  and  moist:  and  where  the  continoHj 
of  the  cone  was  accidently  interrupted  by  fracture  on  the  Mt^ 
the  same  appearance  was  discoverable  within.  It  was  evidcil 
that  the  nearly  horizontal  part  of  these  grey  veins  connected 
together  the  neighbouring  conical  masses.  Wherever  a  fliot  ai 
a  shell  was  imbedded  in  contact  with  one  of  these  veins,  it  er 
hibited  superficially  the  same  striated  appearance  as  the  cooici] 
masses  of  chalk. 

The  flints  interspersed  through  this  bed  of  organic  remaioi 
are  generally  of  remarkable  forms,  and  shew  either  internal  <n 
external  evidence  of  their  having  been  formed  in  or  upon  sobm 
organized  body.  They  are  not  uncommonly  of  a  nearly  sphe< 
rical  shape ;  and  when  solid,  there  is  uniformly,  as  far  as  n] 
observation  goes,  a  small  indented  circle  upon  each  :  when  nal 
solid,  they  always  contained  a  nucleus  having  the  appearancf 
of  a  sponge  of  the  same  shape  as  the  flint :  these  rarely  exceed 
an  inch  in  diameter.  Others  are  cylindrical,  and  inclose  aiMK 
ther  flint  of  the  same  form ;  others  (and  they  are  numerott] 
are  conical,  having  a  flat  base,  around  which  is  always  indented 
an  oval,  within  which  there  is  sometimes  the  indented  maris  0I 
a  sponge :  some  of  these  arc  solid,  others  are  lined  with  tuber 
culated  chalcedony  of  a  bluish  aspect ;  these  are  about  twi 
inches  high :  a  thin  lining  of  blu«  chalcedony,  which  is  ei' 
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fnmely  greedy  of  moiBtore,  is  by  no  means  uncommon  within 
iome  of  the  flints  of  this  bed.  There  are  others  very  common 
to  it)  whose  external  marks,  consisting  either  of  deep  indenta- 
tions or  small  rugged  projections,  bespeak  the  probability  of 
their  formation  being  in  some  way  or  other  connected  with 
ofganic  matter.  But  there  are  other  flints  which  it  is  not  easy 
to  describe.  They  inclose  a  cylindrical  flint,  resembling  the 
ilem  or  a  branch  of  a  vegetable,  which,  passing  along  the 
Mass,  is  visible  at  each  end,  where  sometimes  it  divides  into 
aniMeroas  little  branches:  another  of  the  same  descriptton 
crassefl  it,  giving  to  the  external  flint  a  peculiar  shape,  and 
inducing  the  belief  that  it  must  have  been  deposited  around 
aome  organic  substance,  of  which  the  form  is  preserved  by  the 
Btemal  ramifications.  The  whole  of  these  flints  are  numerous 
in  this  bed  of  organic  remains ;  but  I  did  not  discover  any 
iwembiing  them  in  form  and  character  in  any  other  part  of  the 
chalk. 

The  numerous  shells  of  the  echinus,  or  rather  the  calcareous 
•par  which  has  replaced  them,  are  almost  always  whole ;  rarely 
was  one  visible  that  had  suffered  depression ;  but  the  chalk. 
with  which  they  are  filled,  instead  of  being  finer  than  that  in 
which  they  lie^  as  is  frequently  the  case  in  the  echini  of  the 
vppec  part  of  the  chalk  with  numerous  flints,  is  on  the  contrary 
WMirh  coarser  and  of  a  somewhat  sandy  aspect. 

This  bed  of  organic  remains  with  interspersed  flints.  Is  sepa« 
latad  from  the  bed  on  which  it  lies,  the  chalk  with  tew  flints, 
by  a  bed  of  marie  two  or  three  inches  thick,  which  lies  about 
1$  feet  below  the  two  beds  of  flint  before  mentioned,  llie 
eiterior  roughness  of  the  bed  is  however  far  less,  and  the  rn« 
terspersed  flints  are  fewer,  for  10  or  12  feet  of  its  lowest  part, 
than  in  the  middle  or  the  upper  part  of  it. 


CHALK  WITH  FEW  FLIHTS. 

The  chalk  of  this  bed  is  soft  and  white,  though  not  of  $• 
pare  a  white  as  that  with  numerous  flints.  It  contains  a  few 
thin  beds  of  organic  remains,  which,  arguing  from  the  ochreons 
characters  that  are  frequently  visible,  may  be  considered  as 
being  chiefly  of  sponges :  these  beds  are  most  frequent  and 
determinate  just  below  the  thin  bed  of  chalk  marie  forminj( 
the  aeparatlon  between  this  and  the  superincumbent  bed. 
About  M  feet  below  that  bed,  two  somewhat  thicker  beds  of 
Mft  chalk  marie  run  parallel  with  each  other  and  with  the  line 
of  leparation,  and  at  about  three  feet  apart.  As  the  marie 
shivers  by  expoiurC}  these  two  beds  may  readily  be  traced  along 

MS 
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th«  clifT  as  crevices,  rising  from  beneath  the  beach  aboat  two 
miles  east  of  DoTer,  and  pursuing  their  conrte  without  inttr- 
ruption,  except  such  as  is  caused  by  the  occasional  falls  of  the 
cliff,  quite  to  its  termination  beneath  the  castle  :  they  are  also 
very  visible  in  some  parts  of  the  cliff  above  the  town,  where  its 
surface  is  exposed.  Traces  of  them  may  be  seen  on  Shakspeare'i 
cliff;  but  from  their  position  in  it,  and. in  that  further  west,  m 
woU  as  from  the  nature  of  the  cliff  itself,  which  is  too  precipi- 
tous to  be  easy  of  access,  they  cannot  readily  be  traced  al<Hig  it 

The  marlc  of  these  beds  commonly  shivers  by  exposnre  in  t 
direction  parallel  with  the  stratum ;  but  undulating  grey  vein 
pass  along  it,  and  here  and  there  may  be  extricated  from  then 
bmall  conical  masses  in  every  respect  similar  to  those  whid 
have  already  been  mentioned  as  occurring  in  the  BoperinduiH 
bent  stratum. 

Just  beneath  the  thin  bed  of  marie  forming  the  line  d 
stratification,  two  thin  beds  of  separate  flints  are  very  vislbit, 
but  not  lying  in  the  same  manner  as  those  belonging  even  to 
the  thinnest  beds  in  the  chalk  with  numerous  flints;  their 
largest  surfaces  are  not  parallel  with  the  stratum  ;  but  on  the 
contrary,  as  they  lie  in  every  direction,  they  do  not  form  an  evea 
line  in  regard  to  each  other ;  and  this  is  the  general  character 
of  the  few  thin  beds  of  flints  occurring  in  this  stratum,  which 
do  not  continue  for  any  considerable  distance.  Flints  some- 
times lie  in  the  occasional  thin  beds  of  sponges  which  appear 
on  the  face  of  the  cliff,  and  sometimes  exhibit  impressions  of 
them  on  the  surface.  The  flints  interspersed  in  the  chalk  of 
this  stratum  are  frequently  cylindrical,  and  are  sometimes  ia 
the  form  of  the  bulbous  head  of  the  alcyonium^  or  in  shapei 
resembling  vegetable  stems :  such  flints  I  have  observed  hers 
and  there  of  more  than  two  feet  in  length  and  scarcely  exceed-  j 
ing  half  an  inch  in  diameter,  but  they  were  always  cracked 
across  in  several  places. 

The  grey  veins  sO  numerous  in  the  lower  part  of  the  superior 
stratum,  are  almost  as  frequent  in  this,  but  prevail  most  jnst 
above  or  below'  the  thin  beds  of  organic  remains  and  of  tints 
above  mentioned,  and  in  the  neighbourhood  of  those  numeroos 
and  nearly  parallel  crevices  which  are  so  msiny  indications  of 
regular  stratification. 

The  ammonite  has  hitherto,  I  believe,  been  supposed  to  be 
ffrst  visible  in  the  under  chalk,  or  that  without  flints.  A  large 
one  lirs  in  the  cliff  about  a  mile  eastward  from  Dover,  nearly 
in  a  horizontal  position,  and  just  above  a  bed  of  flints  which 
runs  for  some  distance  only  a  foot  or  two  above  the  base  of  the 
cliff,  and  there  are  many  interspersed  flints  within  a  few  feet 
all  around  it.     Two  other  ammonites  from  12  to  18  inches  in 
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diameter,  are  visible  at  low  water,  in  chalk,  beioiig\ig;  «vi- 
<ifntly  to  that  with  few  flints,  but  whether  it  be  in  situ  or  apt, 
it !;»  difficult  to  determine.     One  of  them  is  distinctly  o\al. 

About  a  mile  and  a  half  east  of  Dover,  and  near  the  place  ai 
vhich  this  stratum  rises  from  the  beach,  I  found  the  cast  oT.a 
MQtilus  in  it. 

iron  pyrites  is  by  no  means  uncommon  ;  it  usually  occurs  iiv 
ftobular  masses,  coated  by  crystals  having  the  form  of  the 
•ctohedron.  which  sometimes  are  attached  to  a  ilint :  in  one 
Instance  it  was  observed  filling  up  the  cracks  in  one.  Ontt 
miss  had  been  formed  around  a  terebratula,  of  which  the  shell, 
illed  by  pyrites,  remained,  but  in  a  friable  state.  This  stratum 
yielded  to  my  search  pectinites,  terebratulae,  and  the  palatM 
and  vertebrae  of  fishes.  A  nearly  perfect  specimen  of  one 
species  of  the  striated  shell  or  inoceramus  (G.  T.  vol.  ▼.  pi.  1. 
Ig.  >.),  perhaps  the  only  one  hitherto  discovered,  was  found 
by  the  workmen  employed  in  squaring  the  chalk  :  it  was  nearly 
filed  with  flint,  and  was  partially  imbedded  in  it. 

Seferal  excursions  along  the  cliff  between  Dover  and  Folk- 
stone,  both  at  its  base  and  on  its  summit,  as  well  as  the  occa- 
lional  opportunity  of  ascending  or  descending  it,  enabled  me 
it  length  satisfactorily  to  discern  the  nature  of  the  connexion 
•f  the  chalk  with  few  flints,  with  that  on  which  it  reposes, 
Mmely,  a  thick  stratum  without  flints,  enclosing  numerouc 
thin  beds  of  organic  remains,  lying  nearly  close  together. 

A  thin  bed  of  soft  niarle  lies  between  these  strata.  It  may 
be  readily  traced  along  the  cliff,  as  a  crevice,  for  a  consider- 
able distance,  but  is  most  conveniently  viewed  while  ascending 
ShalLspeare^s  cliff  from  the  town.  Flints  are  here  and  there 
viable  a  few  feet  abo?e  this  bed  of  marie,  but  not  one  was  dis- 
coverable below  it.  Between  this  and  a  similar  bed  of  marie 
■me  or  ten  feet  beneath  it,  are  to  be  seen  many  of  those  thi« 
beds  of  organic  remains,  which  are  characteristic  of  the  stratum 
to  which  the  chalk  with  few  flint  reposes.  Both  these  beds  of 
■arle  are  also  seen  in  the  most  elevated  part  of  the  low  cltll*, 
between  Sbakspeare's  cliff  and  the  town  of  Dover. 

CHALK    WITHOUT   PLIHTS. 


% 


* 

I.  Stratum  containing  numerotts  thin  beds  of  Organic  Remains. 

« 

This  stratum,  both  internally  and  lifter  exposure,  is  yellow- 
ish and  without  flints  ;  for  not  one  appears,  either  in  the  cliff, 
ef  in  the  numerous  masses  lying  at  its  base :  in  hardness,  it 
exceeds  the  chalk  with  interspersed  flints. 

The  low  cliff  immediately  contiguous  to  Dover  on  the  west,  ^m 
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consists.WhoUy  of  the  chalk  of  this  stratam,  except  the  sommlt 
•f  i^'^oo&t  elevated  part,  which  consists  of  the  chalk  with  few 
fliBlS'  (see  preceding  sketch) ;  bat  in  this  place  it  does  not  so. 
4jBddedly  appear  to  consist  of  a  number  of  thin  beds  of  organic 

.T^Rifiins,  as  it  does  after  rising  from  the  beach  at  Shakspeare^ 

. '  t1|ff;  nevertheless  it  manifestly  consists  of  a  vast  accnnmlatiaB. 

'.  '%i  organic  exuTiae.     This  stratum  nuiy  be  traced  without  inter- 

'raption  for  nea.rly  four  miles ;  but  the  summit  of  the  clilT  be* 
>.  tween  Dover -and  Folkstone,  for  the  latter  half  of  the  way, 
quite  to  its  termination  near  the  si/^al-house  above  the  latter 
place,  decidedly  belongs  to  the  chalk  with  few  flints :  ^a  clofe 
examination  of  it  discovers  here  and  there  a  few  interspersed 
flints,  and  a  single  bed  of  them  is  visible  about  40  feet  htkm 
th^  summit,  just  half  way  between  the  two  places.  Whereier. 
a  path  is  practicable,  the  cliff  is  so  sloping  as  to  be  covered 
with  a  verdure  which  prevents  an  accurate  discovery  of  thf 
stratification  by  ascending  it,  and  it  cannot  always  be  seea 
from  either  above  or  below. 

The  external  roughness  occasioned  by  the  numerous  thia 
beds  of  organic  remains  in  this  stratum,  b  far  less  considerable 
than  that  of  the  chalk  with  interspersed  flints.  Still  the  saoe 
appearance  of  sponges  is  visible  after  long  exposure,  but  they 
lie  close  together,  and  when  detached  are  less ;  and  they  tio 
Bot  unfrequently  separated  by  the  remains  of  shells,  so  small 
as  to  be  nearly  in  a  state  of  comminution,  a  large  proportion  d 
them  being  varieties  of  the  striated  shell  or  inoceramus.  Tbe 
two  varieties  of  the  echinus  so  common  in  the  chalk  with  inteN 
•persed  flints  are  occasionally  seen  in  this  bed,  but  are  leH 
numerous.  Ammonites  from  12  to  18  inches  in  diameter  and 
of  a  circular  form  are  not  uncommon :  I  saw  several,  all  of 
which  lay  parallel  to  the  strata.  Though  the  thin  beds  ef 
organic  matter  are  nearly  in  contact  in  the  lower  part  of  tbe 
stratum,  they  are  more  separate  in  the  upper  part  of  it. 

Through  one  of  the  many  large  masses  lying  on  the  shore, 
a  bed  about  nine  inches  thick  took  its  course,  consisting  ef 
remains  essentially  differing  from  the  rest.  It  consisted  ch^lj 
of  ramose  appearances  about  half  an  inch  in  diameter,  and  the 
masses  detached  from  it  greatly  resembled  those  of  the  alcye- 
nium  visible  in  the  sand  of  the  Isle  of  Wight,  described  by 
fig.  12,  pi.  29,  vol.  2,  of  the  Geological  Transactions. 

In  this  stratum  I  did  not  perceive  any  traces  of  pyrites,  i* 
common  in  other  parts  of  the  cliff.  It  includes  grey  veiBi 
similar  to  those  of  the  chalk  with  interspersed  flihts  and  of  that 
with  few  flints,  but  they  are  far  less  numerous,  aiid  though  tbe 
organic  remains  which  occasion  them  arc  similar,  they  art 
Buch  smaller. 
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JI.  CkdUi  toiihoui  Flints^  and  with  few  Organic  remains. 

This  stratum  rises  immediately  at  that  part  of  the  base  of 
ftakspeare's  cliff  which  is  nearest  to  Dover,  and  is  separated 
fram  the  stratatn  containing  numerous  beds  of  organic  rcmainSi 
which  reposes  on  it,  by  a  bed  of  soft  marie.  As  this  marie, 
like  all  the  others  of  the  same  nature  that  are  visible  in  these 
cUfs,  becomes  friable  and  falls  away  by  exposure,  it  serves  aa 
a  certain  guide  to  the  stratification,  and  may  be  seen  witk 
little  interruption  for  more  than  half  the  way  to  the  signai- 
hoase  above  Folkstone,  and  at  intervals  for  the  other  half ;  so 
tint  the  connexion  of  the  two  strata  may  be  traced  for  five 
■ilet  without  difficulty.  Without  this  aid,  however,  there 
coald  only  have  existed  such  hindrance  as  naturally  arises  from 
accasional  verdure  on  the  face  of  the  less  precipitous  parts  of 
the  cliff,  being  those  above  the  undercliff :  for  the  chalk  of  the 
tiro  strata  differ  greatly  in  appearance.  That  of  the  stratum  I 
am' describing  is  soft,  and  even  white  in  comparison  of  that 
vUch  lies  upon  it,  though  not  so  white  as  the  chalk  with  few 
ffiati ;  and  for  six  feet  beneath  the  bed  of  marie,  is  of  so  sandy 
a  texture  occasionally,  as  to  be  even  friable,  but  here  and 
there  it  assumes  the  appearance  and  compactness  of  a  sand- 
ilBiie. 

The  neariy  horizontal  crevices  in  other  parts  of  the  cliff 
appear  to  be  nearly  parallel  with  the  stratification  ;  but  in  thisy 
the  crevices  differ  from  that  position,  and  are  even  in  a  trans- 
Vene  direction ;  those  that  are  nearly  vertical  are  numerous, 
giring  to  the  chalk  in  many  places,  an  angular  appearance,  not 
Common  to  any  other  parts  of  the  cliff.  It  runs  along  the  base 
ef  die  cliff  for  somewhat  less  than  half  a  mile,  and  in  that 
space,  affords,  even  ou  a  close  inspection,  the  traces  of  but  few 
amnic  remains. 

It  incloses  masses  of  pyrites,  some  of  which  are  crystallised 
fxtemally  in  the  form  of  the  octohedron,  but  their  general 
fnm  is  spherical.  Others,  and  they  are  not  uncommon,  are  \wl 
the  form  of  cylinders,  rounded  at  each  termination,  to  which 
there  is  frequently  a  short  stem  attached ;  the  whole  having 
the  appearance  of  organic  origin.  When  broken  across,  they 
ire  always  found  to  radiate  from  the  centre. 

Here  and  there  appears  a  small  bed  of  sponges,  of  which  the 
oehreous  forms  are  visible ;  but  this  stratum  contains  none  of 
the  grey  veins  so  numerous  in  the  superincumbent  strata.  It  is 
about  50  feet  thick. 
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GR£Y   CHALK.  ^ 

The  grey  chalk  difiert  from  the  strata  reposing  on  jt^  n 
beiBg  softer.  It  varies  considerably  in  different  places,  in  re- 
•pect  of  colour  and  texture ;  being  much  more  sandy  and  lets 
compact  than  in  others.  A  fair  specimen  of  it  yielded  to  my 
brother,  by  analysis,  82  per  cent,  of  carbonate  of  lime,  and  18 
of  silex  and  alumine,  chiefly  of  the  former,  and  a  trace  of  tke 
oxide  of  iron. 

It  first  rises  from  the  beach  at  the  foot  of  the  low  cliVf  (ice 
preceding  sketch)  contiguous  on  the  west  to  that  which  ii 
known  by  the  name  of  Shakspeare's ;  but  its  separation  frMi 
the  chalk  without  flints  is  not  at  that  place  perfectly  defined. 
In  less  than  a  quarter  of  a  mile  beyond  the  place  at  which  it 
rises  from  the  beach,  the  two  strata  are  very  distinct;  Um 
white  being  separated  from  the  grey  by  some  very  thin  bcdf 
of  a  sandy  appearance  and  yellowish  colour.  As  the  grey  chalk 
rises,  its  colour  becomes  deeper,  and  it  is  here  and  there  8^ 
extremely  soft,  that  the  rain  in  descending  the  cliff,  has  car^ 
ried  down  and  deposited  at  its  base  considerable  quantities.  It 
b  in  these  places  particularly,  that  beds  of  sandstone  from  onti 
to  four  or  five  inches  thick,  and  extremely  hard,  take  their 
course  parallel  with  the  stratum  for  a  short  distance,  projecting 
beyond  the  face  of  the  cliff  from  a  few  inches  to  two  or  three 
feet.  A  fan-shaped  projection  of  this  kind  overhangs  a  copioas 
stream  of  pure  water  issuing  from  the  grey  chalk,  termed  IJd- 
den  spout,  protruding  beyond  the  surface  of  the  cliff,  not  lesi 
than  five  feet. 

Not  a  flint  is  visible  in  this  bed  :  its  organic  appearances  are 
iiumcrous,  but  do  not  differ  considerably  from  those  of  th^ 
superior  strata.  Along  the  crevices  running  parallel  with  thf 
stratification,  the  chalk  is  commonly  of  a  deeper  grey  thay 
the  bed  in  general,  and  incloses  some  still  darker  appearance 
of  ramification,  resembling  in  their  general  form  some  varieties 
of  broad-leaved  fuci,  which  are  somewhat  softer  than  the  chtlk 
in  which  they  are  imbedded.  The  reverse  of  this  is  occasion* 
ally  observable  in  the  more  solid  parts  of  this  chalk,  and  whert 
its  colour  is  of  a  lighter  grey  ;  for  there  it  is  sometimes  trs-  i 
versed  in  every  direction  by  very  numerous  and  small  ramifica*  : 
tions  of  a  colour  still  lighter.  The  remains  of  the  echinus  are  i 
numerous,  and  their  shells  are  replaced  by  carbonate  of  lime 

•  This  bed  of  grey  chalk  might  more  properly  be  designated  chalk  marie, 
jmd  therefore  its  description  ought  strictly  to  be  referred  to  the  hcd»  imme- 
diately beneath  tlie  chalk;  for  the  convenience  cf  the  traveller  howcTcrit 
it  here  inserted. 
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J  colour :  every  one  I  saw  had  not  only  sufT^red  de- 
but the  shell  was  also  in  every  instance  broken ;  a 
ancc  which  is  the  more  remarkable^  as  it  is  rarely  dis* 
e  in  any  of  the  superior  strata. 

masses  of  pyrites  are  very  common,  and  there  are  some 
ar  forms.  Thin  stongs  of  it,  sometimes  ramified,  the 
i  terminating  in  a  point,  are  very  numerous  ;  but  some- 
the  contrary  they  are  terminated  by  a  spherical  bulb, 
le  that  is  elongated  and  resembling  the  head  of  the 
m,  but  very  small ;  these  arc  generally  hollow.  A  re- 
e  crystallization  of  pyrites  is  also  very  common.  A 
r  octohedrons  piled  with  considerable  regularity  on 
er,  and  above  an  inch  in  length,  is  crossed  by  another 
0  it, — the  termination  of  each  being  the  quadrangular 
of  an  octohedron: — these  again  are  crossed  at  right 
jT  another,  which  is  terminated  in  like  manner,  so  that 
e  have  one  common  centre :  giving  to  the  whole  the 
ice  of  the  commencing  crystallization,  or  the  skeleton, 
arge  octohedron.  Thin  beds  of  sponges  occasionally 
their  remains  being  either  ochreous,  or  of  a  lighter 
lan  the  chalk  itself ;  but  these  are  visible  only  when 
urn  has  risen  considerably,  and  near  to  the  beginning 
mdercIifT.  Near  the  stream  called  Udden  S)^ut,  I 
le  cast  of  a  large  nautilus  in  grey  chalk,  but  much 
lan  that  of  the  stratum. 

(c)    SUSSEX  CUFFS.* 

an  interval  of  about  40  niiies  occupied  by  the  forma- 
ow  the  chalk,  and  wliich,  after  guitting  the  green  sand 
ir  Hythe,  presents  a  flat  and  uninteresting  coast,  (ex* 
where  the  section  of  the  central  ridge  of  iron  sand 
:he  picturesque  cliffs  on  both  sides  of  Hastings,)  the 
cliffs  re-appear  with  mucli  magnificence  in  the  pro- 
of Beachy  Head,  which  forms  the  termination  of  the 
'  the  South  Downs  against  the  coast.  These  cliffs  arf^ 
lensliawe's  Survey  to  be  575  feet  high ;  they  exhibit 
!  lower  and  upper  chalk  decllnuig  under  a  gentle  angle 
AV. :  they  extend  westward  without  interruption  about 
es,  when  they  are  broken  through  by  the  valley  which 
•ue  to  the  Cuckmere  river.  On  the  west  side  of  this 
le  cliffs  again  rise,  and  are  continued- till  a  second  simi- 
rruption  is  occasioned  by  the  mouth  of  the  river  Ouse, 
which  a  small  outlying  hummock  of  the  plastic  clay 
ata  crowns  the  chalky  cliff  at  Chimting  castle;  beyond 

*  By  the  Rev  W.  D.  Ccnylrsrt. 
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the  Oase  the  cliff  is  again  resumed,  having,  at  NewhaTen  castli 
hill,  another  outlier  of  plastic  clay  and  sand  reposing  agains 
it:  hence,  the  chalky  cliffs,  though  gradually  declining  in  heigh 
in  proceeding  westward,  are  continued  to  the  neighbourhood  c 
Brighton,  where  they  finally  disappear,  the  beds  of  thislpi 
mation  having  sunk  beneath  the  superstrata  of  the  Isle  of  Wl^l 
basin.* 

West  of  Brighton,  the  coasts  of  Sussex  and  Hants  presto 
only  a  low  uninteresting  tract ;  but  crossing  to  the  Isle  of  Wigh 
the  chalk  re-emerges  from  the  superstrata  near  its  eastern  ^Slm 
and  rises  with  its  usual  magnificence  into  Culver  cliffs.  Her 
indeed,  appearances  of  more  than  usual  interest  occur;  ff 
here  wc  first  enter  upon  that  remarkable  district  in  which  the 
beds,  so  generally  characterized  by  their  horizontal  positia 
assume  that  vertical  arrangement  which  has  been  hastily  i 
sumed  as  peculiar  to  older  and  more  chemical  depositions^  a 
as  resulting  in  such  from  the  circumstances  of  their  origia 
formation ;  but  which,  as  we  shall  hereafter  have  occasion ; 
shew,  are  limited  to  no  single  geological  aera,  and  in  the  gre 
majority  of  instances,  if  not  in  all,  have  been  demonstrabl 
produced  by  the  mechanical  force  of  subsequent  convulsion 
In  our  examination  of  this  part  of  the  coast,  we  have  the  fa 
ther  advantage  of  following  an  able  and  enlightened  guide,  ti 
author  of  the  excellent  letters  to  Sir  11.  Englefield  ;  to  the  ca 
rectuess  of  whose  description  the  writer  of  this  article  can  \m 
the  fullest  testimony,  having  verified  them  all  by  a  carefi 
personal  survey  throughout  the  whole  district. 

*  In  the  Royal  Institution  Journal,  No.  8,  p.  S27,  is  an  account  of  t1 
cliffs  at  Brighton  and  cm  the  cast  of  it,  by  J.  F.  Daniell,  Esq.  who  describ 
a  bed  consisting  chiefly  of  flints,  hut  containing  rounded  masses  of  gnuDi 
elate  and  porphyry,  and  resting  near  the  town  on  chalk,  but  as  beinr  thi 
covered  by  cnaUe  rubble.  This  superincumbent  nibble,  as  it  proceMiM 
ward,  is  described  by  him  as  partaking  more  and  more  of  a  regular  aipec 
as  having  the  appearance  of  chalk  about  half  way  between  Brighton U 
Rottingdean,  and  as  containing  two  contor led « layers  of  flint,  while  odN 
passing  down  it  obliquely,  also  traverse  the  bea  of  alluvium,  contanii 
masses  of  flint,  granite,  porphyry,  and  slate.  Having,  as  I  conceive,  loa 
reasonable  doubts  as  to  tlie  correctness  of  the  preceding  observations,  wU 
seemed  to  imply  the  opinion  that  the  alluvial  bed  of  rounded  massa  ( 
primary  rocks  was  interstratified  with  thp  chalk,  I  requested  my  fiiM 
Thomas  Hodgkin,  then  a  resident  at  Brighton,  to  re-examine  tht  dH 
which  he  has  done  with  attention,  and  the  result  is,  that  every  obli^ 
bed  of  flint  perceived  by  him  above  the  bed  of  granite,  &c.  stopped  at  i 
resuming  its  direction  beneath  it ;  and  he  is  of  opmion  that  this  bed  of  ^ 
cayed  alluvium,  instead  of  being  interstratified  with  the  beds  of  chalk,  w 
heretofore  washed  by  tlic  action  of  the  sea,  when  at  a  higher  level  thia 
now  is,  into  a  crevice,  cither  created  by  that  action  in  the  cliKlk,  or  li 
wasliing  out  a  bed  of  soft  chalk  marie,  once  occupying  the  place  of  d 
masics  of  granite  and  of  other  rocks— an  opinion  extremely  reasonable,  (f 
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id)    ISLE  OF  WIGHT.* 

The  general  configaration  and  relations  of  the  series  of  in* 
Jined  strata  in  this  Isle,  will  be  sufiiciently  understood  bj  re- 
ining to  the  section  of  the  Isle  of  Purbeck  (see  PI.  3,  fig.  5.) 
t  will  be  there  seen  that  tne  strata  exhibit  their  greatest  incli- 
ition  in  a  part  of  the  chalk  range,  and  that  on  either  side  +  of 
lis,  the  deviation  from  an  horizontal  position  gradually  de« 
vases.  The  ingenious  hypothesis  of  Mr.  Webster,  which 
dicates  how  such  an  appearance  may  be  presented  by  the 
irtlal  section  of  strata,  which  (were  it  possible  to  trace  their 
ferior  prolongations  beneath  the  surface,  and  to  supply  the 
iitions  which  may  have  been  stripped  off  from  above),  might 
r  found  to  be  disposed  in  parallel  curves  of  a  double  flexure, 
iadicatcd  by  the  dotted  lines  following  the  supposed  direc* 
ws  of  those  curves. 

That  such  cannot  have  been  the-  original  position  of  these 
9ita  is  demonstrably  evident ;  for  among  tlie  vertical  strata 
'  the  plastic  clay  formation  is  one  composed  of  a  thick  layer 
roiled  chalk  flints,  the  accumulation  of  which  in  such  a  pos* 
ra  is  obviously  contrary  to  the  laws  of  gravitation ;  other 
ids,  also  containing  decided  fragments  imbedded  in  them, 
xnr  in  the  substrata  beneath  the  chalk  (particularly  in  the 
BA  sand),  and  the  whole  scries  is  decidedly  of  mechanical 
mation. 

It  remain?,  therefore,  that  the  phoenomena  must  be  referred 
iDme  subsequent  convulsion,  which  has  violently  produced 
tlier  an  elevation  on  one  side,  or  a  subsidence  on  the  other,  of 
cse  inclined  masses ;  and  from  the  form  of  flexure  in  the 
'BtEy  the  disturbing  force  (whatever  may  have  been  its  nature) 
ems  to  have  operated  with  the  greatest  energy  in  a  lateral 
rection.  The  central  line  along  which  this  force  has  acted, 
ly  be  traced  nearly  east  and  west  about  60  miles,  from  the 
stem  end  of  the  Isle  of  Wight  to  Abbotsbury  in  Dorsetshire ; 
r  though  the  vertical  chalk  ends  at  Whitenosc,  an  highly 
dined  saddle  of  the  substrata  may  be  traced  in  the  continue 
ion  of  the  same  line. 

Ih^  first  section  of  these  inclined  strata,  in  advancing  east 
west,  is  presented  by  Culver  cliffs,  a  magnificent  range  of 

♦  By  the  Rev.  W.  D.  Conybeare,  F.R.S.  &c. 
f  In  the  Itle  of  Wight,  this  is  only  seen  in  the  inferior  strata;  for  th« 
rtical  portion  of  the  superior  strata  being  abr aptly  covered  by  horizontal 
U  of  sdll  later  formation  Tsee  section  of  Alum  bay,  pL  S,  fig.  6),  th^ 
idual  change  from  the  vertW  to  the  hoxiaontal  observable  in  Don«(^ 
rels  here  connected. 
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precipices  near  the  eastern  extreroit  j  of  the  Isle  of  AVight, 
forming  a  promontory  separating  White-cliff  bay  on  the  north- 
east from  Sandown  bay  on  the  south-west.     In  the  former,  the 
fiuperstrata  of  the  plastic  clay  and  sands  may  be  observed  in  a 
position  perfectly  vertical,  forming  low  cliffs  ;  immediately  oa 
the  south  of  which,  the  chalky  strata  tower  to  a  stopendots 
height,  their  inclination  being  about  7(y ;  rounding  the  ape 
towards  the  south,  this  inclination  decreases  to  about  50* ;  the 
direction  of  the  dip  is  north-north-east:  all  the  upper  beds  of 
chalk  contain  alternating  strata  of  flinty  nodules,  occasionaliy 
exhibiting  that  singular  shivered  texture  described  below;* 
the  lower  strata,  as  seen  in  Sandown  bay,  are  destitute  of  flintSi 
and  the  lowest  consist  of  a  yellowish  white  marie  or  ai|iU 
laceous  chalk  ;  this  rests  on  the  green  sand  formation. 

The  southern  extremity  of  the  Isle  of  Wight,  from  Dunnose 
io  St.  Catharine's,  exhibits  a  lofty  range  of  downs,  separated 
from  the  highly-inclined  central  ridge  by  a  broad  valley,  and 
presenting  an  horizontal  stratification.  The  upper  region  of 
these  hills  consists  of  chalk  and  chalk -marie,  the  central  of  the 
green  sand,  and  the  lower  of  the  iron  sand  hereafter  to  be 
described ;  but  on  the  side  towards  the  coast,  the  inferior 
strata  are  concealed  by  vast  masses  of  the  superior,  which  have 
subsided  in  that  direction,  and  form  as  it  were  a  talus  in  front 
of  them,  constituting  that  most  picturesque  district  so  well 
known  by  the  name  of  the  Undercliff,  which  well  describes  its 
position  ;  for  a  fracture  which  runs  through  the  upper  strata  of 

*  All  the  flints,  except  those  detached  nodules  in  tlie  body  of  the  strau, 
are  universally  found  in  a  most  extraordinary  state ;  they  are  broken  ia 
every  direction  into  pieces  of  every  size,  from  three  inches  diameter  down 
to  an  abttolutely  impal^xiblc  powder.  The  flints  thus  shivered,  as  if  by« 
blow  of  inconceivable  force,  retain  their  complete  form  and  positioo  ia 
tlieir  bed.  The  chalk  closely  invests  them  on  every  side,  and  till  removed« 
nothing  difTerent  from  other  flints  can  be  perceived,  excepting  fine  lioei 
indicating  the  fracture,  as  in  a  broken  glass  ;  but  when  moved  tbcr  Wl  at 
once  to  pieces.  The  fragments  are  all  as  sharp  as  possible,  and  quite  irre- 
gular, being  certainly  not  the  effect  of  any  peculiar  crysuUisttioD  or 
internal  arrangement  of  the  materials,  but  merely  of  external  violcDce> 
This  new  and  most  extraordinary  appearance  was  first  observed  in  t  null 
pit  on  the  Shorewell  road,  just  beyond  the  parting  of  the  road  to  Yar- 
mouth, but  no  opportunity  was  afterward  omitted  of  examining  both  the 
difis  and  the  pits  in  many  parts  of  the  whole  range,  and  the  appeiriiKn 
were  every  where  nearly  similar,  diflfering  only  in  the  circumstance  that  ia 
some  places  the  flint  seemed  to  have  been  more  generally  and  completely 
shattered  than  in  others.  It  m«y  not  be  improper  to  mention  the  placei 
where  these  phoenomena  were  the  most  particularly  investigated,  as  tber 
may  guide  others  in  their  researches,  beginning  at  the  eastern  point,  kA 
proceeding  westward ;  1.  WhiteclifTbay ;  2.  Brading  shute ;  8.  PitoDBnd- 
m^  down ;  4.  Hollow  road  at  Kniebton ;  5.  Arrctonjpit ;  6,  Pit  above  Shi* 
bndge ;  7.  Pit  just  out  of  Carisbrook  town  ;  8.  Pit  south  of  Carisbrook 
castle ;  9.  Freshwater  cUfls ;  10.  ClilTs  in  Alum  bay.    (W.  p.  W.) 
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(lie  green  sand  formation,  about  half  a  mile  from  the  coast. 

sxhibits  this^section  in  a  conttuned  line  of  precipice ;  beneatli 

which  the  whole  space  intervening,  down  to  the  beach,  is 

tNxnpied  hj  a  series  of  terraces  formed  bj  masses  of  strata 

(chalk  and  green  sand)  which  have  subsided  from  above,  and 

generally  settled  in  an  liiglilj  inclined  position  dipping  towards 

the  interior.     A  wild  scene  of  irregular  confusion  is  thus  pro* 

dnced  ;  masses  of  the  sandstone  project  in  striking  crags,  com* 

bined  in  a  thousand  pleasing  forms  with  the  luxuriant  foliage 

to  which  the  deep  dingles  between  the  terraces  aflbrd  a  shelter. 

By  these  subsidences,  vast  masses  of  chalk  have  been  brought 

down  from  their  parent  stratum,  whose  lower  limit  is  between 

500  and  000  feet  above  the  beach,  to  the  very  edge  of  the  sea: 

and  near  Ventnor  a  considerable  cliff  of  chalk  is  thus  seen  on 

the  coast^  nearly  adjoining  to  one  of  the  iron  sand  on  the  samr- 

level. 
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The  preceding  wood  cut  exhibits  a  sectional  profile  of  this 
'aingnlar  tract. 

Proceeding  towards  the  western  extremity  of  the  island,  we 
^aia  meet  with  a  section  of  the  central  ridge  of  inclined  chalky 
corresponding  to  that  which  has  been  before  noticed  at  itb 
opposite  extremity  in  Culver  cliffs. 

This  section  commences  in  the  cliffs  on  the  east  of  Fresh- 
water bay,  where  the  junction  of  the  chalk  and  inferior  strata 
affords  appearances  which  are  an  exact  repetition  of  those  in 
Sandovn  bay.  At  Freshwater  Gate,  the  whole  range  of  this 
chain  is  broken  through  by  a  valley  which  separates  the  west- 
em  extremity  of  the  island  into  a  distinct  peninsula,  and  pre- 
sents the  remarkable  phoenomenon  of  a  spring  rising  almo^it 
within  a  stone's  throw  of  the  southern  coast,  and  but  little 
aboTe  the  level  of  the  sea,  and  yet  flowing  towards  the  opposite 
coast.  This  seeming  paradox  admits  an  easy  explanation,  by 
conridering  that  the  deep  estnary  of  the  Yar  in  fact  brings  tlir> 
tidal  lev^l  almost  as  near  this  point,  on  the  one  sidei  as  tlip 
otfier;  the  spring  has  its  source  in  a  diluvial  deposit  of  clay 
and  gravel,  which  partially  occupies  the  lower  part  of  tlNs 
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breach  in  the  chalk,  and  may  be  seea  banging  on  the  baie  of 
the  cliffs  on  either  side  :  this  clay,  resting  on  tiie  inclined  Sib- 
strata,  would  naturally  turn  the  current  in  a  northern  direction.* 
Thence  the  chalky  cliffs  extend  in  a  magnificent  line  of  nmnl 
precipices,  known  by  the  name  of  the  Main  Bench,  for  tiro 
miles  to  the  west;  where,  ending  in  the  bold  promontory  of 
the  Needles,  they  form  the  western  cape  of  the  island;  bo- 
neath  this  cape  lies  that  singular  group  pf  insulated  pyramidil 
masses  of  chalk  from  whose  figure  it  derives  its  name.  The«^ 
having  yet  resisted  the  action  of  the  surroundiog  .waves,  reniii 
monuments  of  its  ravages,  which  have  destroyed  the  continue 
lion  of  the  chain  of  which  they  once  formed  a  part.  An  idet 
may  be  formed  of  their  size,  when  it  is  stated  that  the  hnll 
of  the  Pomona,  a  50  gun  frigate,  (which  in  1811,  on  her  retui 
from  Persia,  struck  upon  the  point  of  the  most  western  Needle) 
did  not  reach  one-fourth  of  their  height. 

In  Alum  bay,  on  the  north  of  the  Needle  point,  the  junction 
of  the  chalk  and  the  upper  strata  represented  in  the  second 
riate  (J\^.  G.)  accompanying  this  work  is  seen. 

The  chalk  strata  here,  as  in  Culver  cliffs,  are  vertical  near 
llieir  upper  junction,  and  inclined  in  an  angle  of  between  50* 
and  G0°  near  their  lower. 


(c)    ISLE  OF  PURBECK.+ 

In  order  to  continue  our  examination  of  the  sections  pre- 
sented by  the  chalk  ranges,  we  must  next  cross  the  channel  to 
the  eastern  extremity  of  the  Isle  of  Furbeck,  where  in  the 
prolongation  of  the  same  direct  line  with  the  central  range  of 
the  Isle  of  Wight,  and  facing  the  Needle's  point,  another  nug- 
nificent  and  interesting  section  of  the  vertical  and  inclined 
chalk  is  exhibited  in  the  cape  called  Ilandfast-point. 

This  promontory  forms  the  division  between  Stud  land  bay  on 
the  north,  and  Swanwicli  bay  on  the  south ;  the  former  ex- 
hibiting the  superior,  the  latter  the  inferior  junction  of  the 
chalk.  The  chalk  strata  first  emerge  under  a  very  low  and 
almost  inappreciable  angle,  and  thus  continue  round  the  ex- 
treme point  of  the  cape ;  near  which  four  or  five  detached 
pillars  of  chalk  rise  above  the  water,  bemg  evidently  portions 

*  This  point  affords  a  good  station  whence  we  may  expect  to  estimate 
hereafter  the  progress  made  by  the  encroachments  of  tfte  sea,  in  wearinjT 
2. way  the  coast,  since  a  very  small  advance  will  cut  tlirough  the  beach  iot^ 
the  source  of  this  rivulet,  and  joining  the  jestuary,  render  this  peninsuU  ' 
distinct  islaod:  the  isthmus  is  at  present  protected  by  a  shuigle  uanL 

*  By  the  Rev.  W.  D.  Cunybearc,  F.R.i>.  &c. 
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e  resisted  lon^r  than  the  rfst,  the  destroying  sction 
■ff.  A  little  to  the  south  of  Ihi^  point,  the  Tertical 
hilk  commence,  and  a  coafiguratton  of  the  itrata  af 
narkable  Vrnd  talies  place.  The  horizontal  Mrats 
nrn  upward>  into  a  rurve  forming  near  a  quarter  of  a 
,  the  vertical  Inyera  of  Hints  meet  the  bent  part  of  the 
<o  monj'  ordinates  would  meet  a  rnrve,  decreasinff  in 
hey  get  more  under  it.  It  i^  so  impossible  that  de^. 
lould  do  justice  to  this  eitraordinarT  arran^einent, 
inex  a  sketch  taken  from  one  of  the  plates  accom- 
Ir.  Webster's  lettere  to  Sir  Henry  EnglefieW,  and 
In  his  splendid  work,  the  *  Deicriptiou  of  the  Isle 


bster  has  proposed  an  ingenions,  bat  perhaps  not 
satisfactory  solution  of  this  remarkable  position  (we 
r.  S).  Instead  of  repeating  this,  we  Bhall  attempt 
lat  it  may  be  simply  and  completely  accounted  for 
ious  supposition  of  snch  a  fault,  or  dislocation  of  the 
i  familiar  in  all  geological  inquiries ;  and  comideri^ 
^lar  motions  which  theie  masses  of  strata  mnat  have 
might  natnrally  be  expected  here  ;  for  this  purpose 
ne  reconrte  to  the  subjoined  diagnun. 


t  be  the  asinmed  line  of  fanit ;  then  let  the  man  of 
C,  be  mored  along  it  in  the  direction  front  A  to  B^ 

ttum  A  C  be  brought  into  the  position  indicated  hj 
line  a  c;  and  the  same  airangcment  of  strata  which 
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dctualiy  takes  place  in  the  cliff,  will  be  the  resolt.     Ib  order 
to  produce  this  agreement,  we  have  only  to  suppose  that  the 
line  of  fault,  during  a  part  of  its  course,  coincides  with  tlie  liaei 
of  stratification,  h  hicli  cnnuot  be  considered  as  an  imposnblc^ 
or  even  improbable  circumstance. 

The  flexure  of  the  innero\oht  strata  of  the  vertical  series  {^^  j^ 
plate  27  of  Sir  II.  Knglelield's  Ir>le  of  Wight),  as  accurately^ 
represented  in  Mr.  Wei)ster's  excellent  view  of  this  spot,  affords 
an  additional  confirmation  of  this  hypothesis ;  for  we  might 
naturally  expect  to  iind  a  portioo  of  the  strata  in  which  sicli 
a  Hcxurc  occurs,  transferred  to  this  very  pbce  by  the  fanlt 
assumed.     If  any  person  will  take  the  trouble  of  copying  the 
curved  and  vertical  strata  as  represented  in  Mr.  Webster's  de- 
lineation on  two  separate  pieces  of  paper,  then  filling  up  the 
vertical  strata  as  required  in  the  above  diagram,  and  lastly  ap- 
plying them  together  and  slipping  the  latter  under  the  former' 
in  the  direction  of  the  fault,  he  will  at  once  perceive  that  this 
>imple  supposition  is  completely  adequate  to  the  solution  oi  tlie 
actual  phoenomc  na/i^ 

f 

*  The  foUowinj^  ohservations  of  Mr.  Webster  on  the  strata  of  the  chalk 

.-iiul  Hints  at  this  renviikablc  spot  arc  too  important  to  be  passed  over^- 

rjiis  chalk  I  found  to  be  exceedingly  hard  in  the  vertical  part,  and  also  in 

r/ie  curved;  so  much  so  that  it  will  not  mark,  aor  can  the  nail  make  any 

impression  upon  it ;  but  at  some  distance  from  the  curved  strata,  where 

..  the  chalk  is  horizontal,  it  resumes  its  softness. 

In  the  vertical  strati,  the  chalk  is  far  from  being  uniform  in  its  texture;  J 
.ippcaring  as  if  formed  by  the  union  of  masses  of  chalk  of  different  qualities;  I 
*>riic  parts  beino;  denser  than  others,  and  of  rather  a  darker  colour.  When 
T<tr^e  masses  fall  do^^-n,  they  frequently  separate  into  roundish  fragments 
'.vhich  leave  a  lumpy  and  concreted  appearance.  It  might  be  called  a 
brccchia  chalk,  composed  of  roundish  lumps  of  hard  chalk,  cemented  br 
ch.ilk  somewhat  softer.  In  it  were  numerous  veins  of  calcareous  spar,  veil 
ii.H-mcd  crystals  of  which  were  in  the  cavities. 

The  flints  which  were  here  in  vertical  I.iyers,  at  the  usual  distance  froni 
(Mch  other,  were  not  only  much  shattered,  but  appeared  as  if  they  M 
.>ccn  reduced  to  fraf;7nents  while  the  chalk  was  yet  m  a  soft  state;  for  the 
ira  jments  were  in  general  separated  from  each  other  with  the  chalk  be- 
tween them:  nor  was  this  latter  only  in  small  quantity,  which  might  be 
supposed  to  have  arisen  from  infiltration ;  but  tne  broken  pieces  of  fiint 
were  often  at  such  distances,  that  it  is  impossible  to  conceive  by  what 
r.ieans  they  could  have  been  so  far  removed,  had  the  chalk  been  solid  at  ( 
the  instant  of  fracture. 

When  the  flints  are  in  this  state,  they  can  scarcely  be  called  nodules; 
they  are  rather  collections  of  fragD>ents,  that  lie  in  detached  masses  or 
groups ;  and  the  only  circumstance  that  could  induce  me  to  suppose  thai: 
they  were  originally  entire  nodules,  is  the  sharpness  of  the  fragments,  voA 
the  groups  asi^uming  the  same  regular  situations  with  res{)ect  to  eaclj|other, 
that  the  nodules  do. 

Yet  although  the  relative  position  of  the  parts  of  each  noduTc  are  frc- 
(picntly  so  entirely  dianped,  that  it  is  necessary  to  suppose  more  motion 
sh.in  could  have  taken  pTnce  hid  the  chal^  b^en  quite  solid^this  is  by  dc    '. 

r 
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the  junction  of  the  chalk  and  ioferior  foimatiops  l# 
li  bay,  the  inclmatiotf  of  the  strata  'decreases,  and  here 
lie  jamfli  series  of  phoenomena  may  be  observed  as  in 
>f Wight..         .    ..  ^  y 

the  east  end  of  the  Isle  of  Purbeck,  manj  singular 

excavated  iqto  the  interior,  some  of  then  in  a  nearly 
form,  the  entrance  from  the  sea  being  narrow,  and 
into  a  wider  ban#:  this  form  arises  from  the  greater 

of  thie  inferior  bed,  the  Portland  limestone ;  which^ 
fered  a  stronger  resistance  to  the  action  of  the  waves^' 
in  bold  capes ;  while  the  inner  strata  have  been  mole 
\j  worn  away.  The  back  of  several  of  these  cove^ 
9  the  chalk  strata,  and  fine  cliffs  are  thus  exposed :  this 
e  at  Worthbarrow  B^y,  I^ilworm  Cove,  and  Durdle. 
I  all  these  the  chalk  strata  are  nearl^vertical,  and  "the 
Is  are  seen  in  the  same  order  so  often  alluded  to. 
Durdle  Cove  to  WhiiAose  point,  alAut  one  mile  and 
the  west,  the  chalky  cuffs  line  the  entire  coast.  This 
8  interosting  because  it  presents  the  termination  of  the 
shalk  strata,  and  because  it  is  ^e  last  chalky  cliff  on 
•f  the  coa^  the  hills  of  that  formation  here 


srmination  of  vertical  beds  appears  to  take  place,  in 
nee  of  ^e  ccMise  of  the'cf;|pk  and  the  line  of  the 
iding  to  the  north  of  the  axis  of  thei|(|sturbing  force: 
^r  in  which  the  transition  from  the  vertical  to  a  fpntly 
position  takes  place,  will  lie  best  untle|ptood  by  con* 
le  subjoined  sketch.  s 


White  nose 


Bits  corner^ 


riandfilt  point,  the  vertkal  chalk  is  here  hard,Yh^  ^ 
.1  in  its  usual  state  of  softness ;  this  ^eems  to  indicate  ^ 
incxion  between  the  incUnation  and  consolid|ltiog  of  .' 

e  members  of  the  formation,are^thejBame  as  before. » 

case ;  irreiy  graoation  Aing  obiervibl^  from  nodules  of  the  ^  ^ 
»e^only  nffch  cracked,  to  those  I  have  just  described.    These 
Dt  frequently  f^l  into  fragmeMs  in  dj^e  hadd,  as  those  of  the  Isle  <^ 
the  parts  being  firmly  imbedSed  iifthe  cHUk;  but  there  is  the 
ty  in  the  size  of  the  Jra|mcnts,  from  large  |ikces  to  the  finest 

^  of  this  sto^n^r  chalk  and  fiio^s  bist  examined  on  the  south 
fast  point,  in  Swanwich  bay,  where  mnch  of  the  elinhad 
on  the  east  faM  it  is  both  more  *iiffi'»"h  to  lapdi  and  to  get 
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'g  It  has  been  stated  in  oanccounLof  the  pagp  uuf  eii 
•  this  foimation,  that  several  iniulatea,  and,  as  Suty  are  ta 
ontlyiDg  mafses  of  ity^ccur  considerdily  beyond  t&e 
em  terminauon  of  the  principal  and  continnons  range  fi 
hy  it.  The  sections  of  the  southjhstem  of  these^det 
groups  against  the  coast  in  the  east  of  DeTon,Thffom  tk 
jv   \Iiaik  clUfs  in  this  directiony      . 

^'h«Be  commence  a  little^to  the  west  of  ^Lyme  Regis  (< 

-     '^esttf  II  border  ok  Dorselshir^,  and  form  » line<^extendiB 

Arecn  six  and  se^en  miles  westward  to  the  mimth  of  thf 

The  ohalk  does  idJt^oweter  oc<|Bpy  the  whole  of  the  dii 

is  <Mifined  tofts  higher  region ;  the  central  being  possesi 

tite  subju^nt  green  sand,  an^«the  lowef  by  the  lias ;  fi 

chalk '  and  greeff  sand,  in  thdk  eitension  weftwards,  < 

all>  the  infermediate  formaticms,  and  becomo  immediati 

combent  upon  the  lias,  which  in  its  turn  terminates  abap 

miles  east  from  Azm^th  ;  the  green  sand  being  thus  Jbi 

intoff contact  wfth  the  marie  of  the  ne^red  sandilon 

matiQo.    The  undulation  of  the  upper  line  of  the  cliffs  c 

four  places  through  the  chalk  to  the  subjacent  giyn 

,     ^  forming  five  distinct  su^mils  which  bM  the^ames  oif^.' 

'  ^   3.  Piuhay ;  9*  tthiteland ;  4.  (not  partionlany  distinguu 

^       5.  D<(w lands.    Thijp  enuo^eration  proceedf  from  eas^to 

^J    beti^en  Wtam  ahd  Pinha/a  fault  occurs  which  throws 

'     the  strata  to  the  west;  d>eneath  Pinhay  and  Whitels 

undercUff  occurs  much  resembliML  that  in  the  Isle  of  ^ 

.  ?rhe  chalk  has  here  subsided  in  a  weries  of  terraces  desc< 

,%  beds  succelshUy  Ipwcr  and  lower  towards  the'sea ;  th 

tUlcation  Js  flirougfiou|  this  range  nAfly  horizontal,  %i 

#*'   ^owtr  strsna  agree  <kith  tho8#  before  described^ 

^         Un  the  west  of  this  nuige,  the  river  Axe  emplies  itsel 

^   the.  Cl^annel  thfbugh  a  wide  valley  occupied  by  the  «il 

-  ne#j|^  sandstone,  beyoad^whicli  are  the  precipicS* 

,  gujsAd  as  the'V^  lOUfs.    Here  the  strata  dip  Tapidly 

west;  the  green  sand  and  thaUk  reajpear  fn.^the  face, 

^?  cliff,  and  are  brought  down  in  Accession  b^the  inclini 

41^  tfte  strata  to  the  Jevel  of  the  beach.    A  portion  #f  the 

part  of  this  olift^as  ftmit'fifteen  jearl  sincff  detachei 

subsided  towards  the  beach.,   ms  point  ezhimts  a  H 

'i    .  ,  •  .      ^      J 

♦    A  +  Byth^Ttev.W.D.Conyifeare.  •• 

^  *  Mf.  De  Is  Beche  hai  communicated  a  Miuled  account  ortlA 

yt    the  coast  in  %  vt^aUe  memoir.  laid.l^ore#ke  Geolo^MCsl1Soq|er 
^which the  above  onef  abstract  ib  pnxicit4llvu]cen.  *m 


»•   , 
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'ftene  of  min,  the  shaitercd  masses  and  pinnaclei  of  the  chalk 
beiag  grouped  together  in  the  most  picturesque  manner.     The 
.lillage  of  fieer,  notorious  for  the  daring  community  of  smugglers 
itrho  iDhaDit  it,  and  form  as^t  wer^a  peculiar  i%ce  distinguished* 
bj  man  J  singular  customs',  lies  in  the  recesses  of  a  ravine  tra-        9 
jeising  the  white  cliff,  beyond  which  it  is  continued. to  the 
ifmn^ntory  of  Beer  head,  the  chalk  here  occupying  the  whole 
lli£    Riud  this  point  the  precipices  continue  without  inter-     ^ 
•nption  to%ranfiCoinbe  mouth  westwards ;  the  strata  rise  in  this     ^^ 
^direction,  and  the  green  sand  and  ne^  red  sandstone,  or  rather  »    '  ^^ 
"Arle,  again  cibp  out  and  form  the  base  of  the  cliff:  so  that 
tke  ftnta|jrom  Whit^cliff  to  thi^ point,  appear  to  lie  in  J^XiJt 
of  basin.    The  extent  of  this  range  is  between  three  and  four 

*  ^From  Branscombe  mouth  the  cliffs  extend  about  fire  miks 
».1viestward8  to  Sidmouth,  being  broken  by  two  ravines  iq|o  tie 
sepaiate  groups  of  Branscomb^,  Dunscombe,  and  Salcomb^t 
IjUriMse  is  uniformly  constituted  by  fte  marie  of  the  new  red 
^4ttd,  upon  which  the  strata  of  green  sand  repose.  Branyombo 
(the  eaatenunoflt  summit),  h}s  a  covering  of  obalk,  tt  has  th^ 

CHt  end'  pf  Dunscombe  (the  middle  summit),  remarkable  as       * 
liiig  the  western  teminatjon  of  this  formation  in  England.  a  . 

As  uppensurfadl  of  the  cHalk  is  here  furrowed  into  consider-    ^ 
lUe  loeqaaHties,  and  large  masses  of  it  lie  beyond  i^s  geneml'i     ^ 
1|lto— 4he  proofs  of  ^e  abra^pn  and  destruction  whiehk*  it  lus' 
'  MeigOMR    Salcombfe,  the  western  summit,  no  loiter  exh|b us 
My  traces  of  the  chalk ;  but  tip  abundance  of  thefints  of  this    % 
.  Ibmation  scattered  over  it,  prove  that  it  bas  formerly  existed*       i 

'  ^  fe*   COAST  OF  JFRANCE.  •  ^      ^       A  *         • 

'      -      ,  •k     ^         »  *  V 

.  On  the  opposite  coastr  olfFnnce,  a  series  of  section*  may 
W^faaerved  silmiMt  exactly  answering^  both  in  character  and 
((fositioft  tb  those  above  d^cribed|idcmonitrating  the  formpr  ^ 

I^Sitiuaity  of  the  coiMtituent^ltrata.*f  i  £^  ^ 

^tf*    f  f  J^  the  Rev.  W.  I>.  Conytttlre.    ^v       "  , 

•  f  <hi  reviewing  the  many  remarkaoR  p^tt  of  .agreement  between  %«  ^  '      ^ 
^fi  on  q|ch  side  fhe  Straiu  ^%>oTer|«it  fM^  a*iuppoatioA  t^  KSflon- 
mgDiif  ranked  abongmere  nypothJbs,  that  ihOf  were  once  united,  liyi 
4p  thcj  were  tepmtlB^t  noine  very  rei^ibte  peaod  by  an  imiptiooLof 
4^  tea,  v^^h  in  all^i^robability  waiRd  away  toe  connecting  naas^ibr 
4b  imreApableneis  of  the  ypular  notfoy  taat  the  two  cft^lttpa  were 
^ply  rent  ^fun4er  by  tamSittddte  convulsion,  wll^e^™^  'fp^^Hm 
%hen  it  i|  fuTthcratatcd,  tlMt  the  chalkarithout  ffintt  onWic  wert  of  Dover*  W 
wdbilta  tbii.iftv  Jpct  in  tfalckneu.  while  Iftat  of  Cipc  BUact<lc7.  ja 


^^  less  thii\ifty  |^  in  tfakkni^  while  Aa^ctf  Cipc  BUytIcz  j|     f^ 


« 

^       «  w 


«  116  hook  II.   Chap.  I.  *•  ApfmSx.     *■  .  ^  * 

Thas^  from  the  low  and  mankj  grounds  near'CalalB) 

beli»'een  that  town  and  Uissant,  a  range  of  chalky  cliff 

directly  facing  those  of  Dover,  tbd  exhibiting  the  i^itie 

^divisions  of  this  iTormation,  jiz.  l.^Chalk  with  flints,  for 

the  sumiliit  of  the  clifis,;  then  in  succession,  S.  Chalk  viti 

flints ;.  3.  bed  with  organic  remains ;  4.  Chalk  without  fl 

i     5.  Grey  chalk.     This  range  of  clifi*s  is  however  much ' 

*     limited  than  fliat  on  the  English  side,  not  exceeding  Aree 

J     in  extent ;  it  commences  ^out  a  mile  w0Bt  of  Sangatte,  foi 

•  Jthe  cape  called  Blanc  Nes,  and  stretches  towanl!^  St.  Pot. 

arise,  as  on  the  j^glis^  side,  under  a  low  angle  ' 
;  and  are,  near  St.  Pot,  as  at  Folkstone,  snc^oede 
the  substrata  of  blue  mar]^and  green  sand.  "^   - 

From  Cape  Blanc  Nez,  the  ^chalky  downs  Vecede  in 
r|ngiug  in  a  semicircle  'round  the  district  of  Boulogn^^ 
ap^irapchhig  the  coast  again  near  £taples*  The  Included 
h  occupied  by  the  inferior  strata,  and  corresponds  in  po( 
with  the  similar  denudation  (as  jt  is  termet^  of  Kent 
Sniscx:  exhibiting,  together  wit|i  the  same  formations, 
which  are  lower  iu  the  series ;  a  careful  compariion  of 
two  districts  would  be  interesting  and  important.  We 
subjoki  to  our  account  of  the  English  denudation,  the  fen 
f.    tiqjlars  wc  possess  as  to  the  Frenclt  *  ^ 

,     ^     Though,  as  we  have  said,   the  southern  extremity  o1 
s|{mieiiKyilar  escarpment  of  the^  chalk  again  draws  nea 
coa|t  on  the  north  of  Eta  pies  (thu^  answering  the  termio 
f    of  the  Soutn  downs  at  Beachey,head  on  the  English  side) 
no  cliffs,  w^  believa  (for  we  have  not  personally  inspectei 
point),  occur  on  tii«  French  side  ;  but  »«range  of  sandy  d 
t  accumulated  at.  the  foot  of  the  hills,  preserves  them  fron 
4»dtstructiv^agency  of  the  waves.     *  * 

*    *  f  >        ' 

Aarcdy  thirty  feet  thiclc^and  ttiatfachpf  ihe  overlying^  strata  at  the 
place,  is  thinner  than  those  near  Dover,4n  about  the  |aine  propor^ 
that  the  height  of  the  cliffs  o|i  the  opposite  shores  is  very  (hfTerentj 
,^.  immediatdy  on  the  west  of  Shilkmeare's  being  not  leu  than  SOf^f^f 
tl]pt  of  Cape  Blanc  Nez  doc»  n^ezcee^  ifeo  feet  in  height.     Hence 


'  coi^Iuded  that  t!ic  country  in  that  neighbourhood ^f  Calais,*  ond 
^  stitujj^  "siP^rt  of  that  tifct  which  is  nbw  t^^i^ed  the  chal^L  bann  of  Lc 
(QtT.vol.y.)  ...»'.  •*  »  «.^ 

<It  is  nof  necessary,  in' order  %q  account  for  the  j;i«eement  of  th 


couyb,  to  suppose  tliat  chains  of' uniform  height  Vnth  those  oecupyfx 

landxin  dthcc  side,  once  traversed  the  space  now  possessed  b)^cy  fi 

for  it  iswv  wobable  that  these  chains  may ^rom  their  originsliAiin 

y ;iiave  had  a  lQW«r^|kv4^— •uch  as  inight  carry  them  bcng^th  l|k  surf 

*  the  ocean  in  some 'part  of  their  cou^c.    (C.)  *' 


\ 
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CkttlFff  the  Coast  of  Frmt^. 

From  (henktbuth  of  the  river  Caache,  near  Etaplel,  past 
tkoie  of  the  rlV^  AiUhie  and  Sommi^  as  far  as  'Report,  the 
jlkAe  u  Iprmed  all  thl  way  by  a  llni^  of  sandy  danes,  and  the 
%id  is  low.  South  of  the  Cauche^and  as  faf^  the  Authie,  a 
Nries  of'ftrgilnrcei^  and  sandy  superstrata  may  be  seen  covering 
tbe  chalk :  these  seem  to  indicate  this  tract  as  the  eastern 
to^biatlon  of  the  Isle  of  Wight  basin. 

,  ^t  Xfcport,  about  twelve  miles  eastward  :froni*Di%)pe,  "Ihe 
dodky  cli^s  again  rise,  and  here  cdfenmcnces  their  principal  ^* 
lyge  on  the  French  eoastf  for  they  extend  hence  about  sixty 
■lies  to  fjape  la  HeTe  near  the  mouth  of  the  Seine,  presenting 
tt  apbroken  barrier  of  i^dazzling  white,  excepting  where  they 
dip  int^'^me  creek  or  cove,  or  opetf  to*aftbrd  a  pas^e  to 
iOBeifver  or  streamlet.  The  cliffs  of  Dieppe',  Cape  L'Aaillj, 
fl^  Valery  en  Cans,  FMmp,  and  Cape  d*  Antifer  or  dc  Caox, 
ttAr  in  this  Htterval.  Near  tike  lailer,  arevsolt&e  remarkable 
joslated  pyramids  4C  chalk  resembling  in  form  and  circnm^ 
Wnces  tbf^  Needles  o^the  Ide  of  Wight,  and  denominated* 
'ntn  ite  tsStm  analogy  les  Aiguines.  4F1bs  long  precifNtou9 
iiBge*nay  |f  re^rd^  as  the  continuation  of  the  chalky  hills 
i^the  ipntre  and  south  of  the  Isle  of  Wight,  which  lie  directly 
cpsragainsAt,  follow!^  the  line  of  DC&ring  of  the  strata  from 
I^MAh-west  to  south-easT  >  ^«  ^ 

Tbe  tliff9  ar^Afte^^  of  s^pendons  height,  exceeding,  it  iif 

pU,  in  this  resp^tt.  th^  of  Eifgjand,  i^d  sometime  attaining 

ia^Mh(ion  of  near%70O|e8t,  buf  this  is  probably  ea^gei^ted  : 

drier ^lAigns  between  300  ai^400  only :  their  most  lofty  an^ 

.taking  point  iiJLC^r  EeCamp.     Wjlir  stnti^oiyKtn  is  nearly 

[l^iiont^  and  ttey  are  almost  entirely  fonnedxf  i\m  u^per, 

Imtirbearing  p^fion  of  tlub  formation.  ^.  In  some  pcAits  they 
crowtied  by  patches  jof  tne.  superior rljtrata ;  this' is  the  case 


the  light-hous&^f  it.  S^rgaret's  on, the  west  of  Diepp^ 
vhere  a  ae^on  df  the  plastic  clay  series^ls  afforded,  exactly 
coAespondinft  to  that  of  Newha^en  in  Sussex  jftr.  T..  vbl.Jv.)  ; 
tklbiim^ being  perhaps  &n  outlier  on'  the^outh-we8|,^  as  the  ^ 
'  pr  Is  OT  the  jporth-eAt  oPHie  Isle  of  Wightbasin.  *  •  ^ 

jjkj^  la  Ilfire,  where  jthc  chalk  clifAttermimhe,  is  j|^o  riftlBf  v 
a i^f  ei^^  dt  Havre!    The  challuwu(^t  Jilnts,  ana  green 
\ijfuf^  be'^'f  bsqrv^l  ii^  this  vicify^.  •  Hopce^th^  hills  run 
^^^ipcl  thei^sedCion  Mainst  the  J^^q|  produces  a.  cliff  at     ' 
\eff$kTce  leagipcs  akve^favre ;  tne  in||4me4iate  tongue  of 


ms 


I' 


Ibw^d  cdMits  of  lias,  containing  crocdilles  bones,  4c€, 


VMhn  iM  ndticei 


of  Jptiilf  in  diffqent  Frencli  writers,  Jt  leilm  pro- 
trati  also  occur  aihonftthejr'm  neai^if  ecinu).  amd 


vbi^that  thf&umlr  strati  also  occur  abowithe^lM  ncai^ifecin^,  : 
^jhf^i  fladGT^the  chalk  are  to  be  4^^^^^^^^!^  ^^  ^^^' 


«• 


4 


On  the  south  of  thr  river  1  fie  clifis  terminate  tift'ronville  sot 


called  Vaches  noirs,  is  a  cliff  which  exhibits  chalk  resting  oa'a 
bloe' marie  containing  oysters.  To  the  west  of  this  point^the 
co^  is  fliltiiifly  occupied  by  inferior  strata.  *  ^ 

*  The  compariaon  of  the  intenral  bel|reen  thcte  chalk  Aiflfs  and  ^ 
transition  rocks  of  the  Cotentin,  with  the  sections^f  the  Dorset  and  Denb 


^ , gryphiti 

hci ;  the^  extend  oif  the  west  of  the  latter  river  to  VirreviUe  near  r)prrnfin 

*  *'       CoU  is  worked  at  Litry,  two  leagues  south-w^  of  Ba jeiix.    The  juncdoa 

^    fi       of  the  tnuisition^te  runs  by  die  banks  of  tor Virc  to  ^u  ho^  and  thcace 

.    east  to  Aulnay.  r  *^         .  "*  ^ 

mm-  M  •  '"  •         1 
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^  CIIAPTE*  II. 

%EDS  IftE'nVEEN  THE  CHALK  AND  OOUTE  SERIES. 
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Section  I. 

(a)    Introductory  viro.*    Viewed  on  the  large  scale,  the 
ii^enral  between  the  cha|k  and,  oolites  may  be  desa|hed  as 

«pied  b5li^erii(fl^ncipally  Consisting  of  beds  of  siliceous 
,  which  probiKlj^haTe  an  aggreg^e  thickness  in  the 
peater  part  of  their  course  of  notHess  than  lOlo  feet,  and 
form  diat  extensive  sand  tract  which  is  universally^o  be  traced 
beneath  (t^  escarpment  and  inferior  termiuatioi^of  the  chalky 

I*  In  tln^outhem  connties,  where  this  series  is  exhibited  tti 
the  most^o^plete  manner,  its  subdiflbions  are  clearly  ascer- 
tiined^  but  in  the  midland  and  north-eastern,  they  have  not 
*s  yet'heen  so  well  detenpined. 

\Vh^  the  series  is  fully  developed,  the  sandy  beds  are 
roond  to  ^e  divided  |nto  two  groupes,  separated  by  an  inter* 
picaiate  bed  of  "Clay ;  th«  uppei;^Lndstone  being  distinguished 
^T  the  general  occnrrei|ce  of  numerous  interspersed  specks  of  { 

^  greenish  tii|stance,  orobably  coloulbd^by  oxide  of  iron^  ^d        *  \ 
•helower  by  a  aeep  ferruginous  hue  oerived  from' the  ubun-^ 
|uice  of  br^n  oxide  of  iron  they  contain :  hence  tie  fdhner  ^ 

*  tilnally  called  the  Creen  Sand  Formation,  and  the  lat^c^that   ^ 
^  Irodviyd;  occasionally^  h8wcv|r,  wne  of  the  upperoedis 
'vsiaic  the  same  ferrUfuious  appearance,  f    Interposed  be-         * 

€      .  •  Bytiie  Rev.  W.  D.  Cooybeare. 

.  ^  The  oecanoul  occnncnce  o#tlie  green  panicles  in  other  beds,  ptr*  '.* 
^larH^  in  th^^alk  marie,  aqd  the  femigfaioui  character  of  tome  of  thr  # 
^^di  oftbe  up|A  or  green  sand  Ibmiation,  hn  been  an  occation  of  deceit-- 
Pleven %iperM0ced  olyprvcrt  who  have  confined  their  examinatioh  to  » 
'*^le  point ;  but  when  the  field  of  obiervatioajj^  more  ettentive,  and  the 
^*<ett  and  ehitinuoui  ranges  of  tboK  ■pperanij^  lower  tandi,  are  traced 
>- — ^'^-'  lections  on  the  coast  through  the  iotenor.  partigilar  attention' 
to  the  eoorse  and  chiractcr  of  the  intermediate  cli^,  their  family 
itions  will  be  clearly  ascertained. ,  These  observations  principally 
the  WealAountrki.  ^ 

*  ^^  ^ 


s 
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.,   ^-  *^'    -       ,         *    - 

4l'  tmen  the  upper  or  green  saAd  and  (ke  chalk,  beds  of  an 
argillo-cal^preous  clyacter  are  always  found,  occasioDiUy 
themselves  also  min^d  ivith  sand  ;  ^nd  into  those Jbeds  thi 

kwer  clialk  seems  to  graJluate  bj  an  almost  infpnsiole 
tiooy  by  the  admixture  of  argillaceous  and  siliceous  i 
4i»jthrough  its  substance.  To  these  intermediate  beds  the  namt^ 


Chal]^  marie  has  been  ay^  ;^ence  we  have  dhe  following 
subdivisions, — ^beginning  with  tR  highest  ^m^mber  of  the  serial 
and  reckoning  downwards.  f        ^ 

*  A.|   Chalk  marie. 

B.  Green  sand,  a^  '  -' 

C.  Clay  diTidingthe  sands ;  which,  as  it  occurs  on  the 

most  extensive  scale  in  the  Wealds  of  Kent,  Surrey^ 
•.    p  ^         and^ussex,  may  be  called  the  Weald  cla/lP      i 

D.  Iron  sand.* 

In  apply  big  the  term  forfiatioifi'^to  ^se  sobdvisions,  w« 
a  wish  to  be  understoq^  ^  using  it  onlir  dp  co9irftiient''dfpg« 
nation  for  ajarge  assemblj|ge  of  similamtrata.  Viewed  under 
B  more  general  aspect,  the  whole  series  perhaps  might  be  con- 
sidered as  constituting  but  one  formation ;  yet  each  of  these 
subordinate  members  is  in  itself  of  sufficient  iro|||irtance  to 
^  ij^uire  a  distinct  and  specific  notice,  and  sir^;Iy  forniai|be  mass 

*  of  considerable  ranges  <jf  hills.  ^  '• 

•  All  these  formations  arc  probably  of  qjarine  ori|ln»-  It  should 

*  be  noticed,  however,  that  the  Vivipara,  a  fluviatile«shdl,  has 

t  ^  ..         > 

*  It  would  have  been  cODBidered  desirable  to  sub|oin  a  list  of  the 

^  synonymcs  under  which  Mr.  Smith  describes  ^he*e  fomuijons,  ^  be 

candidly  acknowledges  the  difficu^of  discriminating  between  them;  an^ 

k  it  can  scarcely  be^onsidered  as  any  irapeachmedl  of  nis  general  accnncyi 

V,  ^  to  add  that  he  has  not  succ^e^^  in  the  attenfpt.  • 

*  Th^greal  foundation  ofHiis  errors  in  this  res^t,  flppe*s  t<vhaTe  bees 
«tan  h^ty  identification  of  the  limestone  beds  associateti  in  ihe  Kentish  hf 

^      ^    or  gieen  sand  formation,  with  those  of  the  Portland  series:— -an  ide|| 

▼    tifica^n  which  is  absolutely  contradicted  by  a  t^mparison  of  the  series  8 

formftous  as  exhibited  in  the  Weald  oC^Kent,  in  the  Isle  of  Wfght,  and 

^  in  Dorsetshire.   Hence  thirclay  tmdcrlying  the  Kentish  rae  iifll  green  sand 

(our  Weald  clay]  is  in  na^y  instances  confoi|;|dcd,  under  tnc  qyme  of  Oak* 

trei|^lay,  with  that  un^rlying  the  Portland  selics  (our  Kimmeridge  day)* 

The  iron  sand,  descril)ea  by  Mr.  Smith,  und^  the  names  of  brick  ^prth, 

*  and  sand,  and  rock  pro^^cing  the  Por^and  stone  (l>ecause  it  immediatdf 
%         overlies  that  formation),  is  from  the  same  cause  confounded,  in  the  Wm 

district,  with  the  real  green  sand  formation.  " 

The  writer  of  this  article,  when  on  a  tour  ijp  the  Isle  of  Wight  aid 
Puibeck  in  1813,  forme<^etailed  lists  of  the  several  strata  constituting  the 
series  as  exhibited  in  the  various  points  where  their  sectiozUlare  expoied 
'in  that  interesting  district :  these  are  unfortunately  in  the  custody  of  * 
friend  now  cm  the  'continent,  but  they  will  be  added  if  poi^Hi  in' as 
appendix  at  the  end  oi  this  work. 
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beeo  nip|>osed  to  occur  in  the  Weald  cJay ;  but  the  identifica- 
tiM  of  the  species  cannot  be  considered  as  complete. 

In  trcftting  of  these  formations,  the  method  pursued  will  be, 
fat,  to  §^Te  an  account  of  their  general  characters,  as  they  arc 
MD  where  the  series  is  most  fqlly  deTeloped,  under  the  usual 
knds^  considering  each  separately ;  and  secondly,  to  give  a 
woit  detailed  view  of  the  different  districts  occupied  by  them 
coilectively,  noticing  the  peculiarities  presented  in  each  of 
(kese,  and  the  points  concerning  which  further  information  is 
R({iiired  to  render  their  comparison  entirely  satisfactory  and 
ciiDplete.  The  article,  range  and  extent,  among  the  general 
kids  will  therefore  be  restricted  to  a  brief  notice,  as  ail  local 
nd  geographical  particulars  will  be  fully  treated  of  in  the 
xcond -division. 

(b)  Foreign  iocaliiies.  Before  proceeding  to  the  detail  of 
the  separate,  we  shall  subjoin  a  comparative  sketch .  of  the 
uiligons  formations  on  the  continent. 
As  we  have  before  traced  the  chalky  tract  from  England  into 
[  Fiance,  we  shall  also  find  these  subjacent  beds  following  its 
i  canrse  (the  limits  of  which  were  then  assigned)  through  that 
f  coaotry ;  thus,  they  are  seen  skirting  the  chalk  of  the  Boulogne 
I  Atrict,  opposite  the  appearance  in  Kent  and  Sussex,  at  the 
;  western  limit  of  the  chalk  cliffs  about  Havre  and  Honfleur,  and 
^  tfe  eastern  boundary  at  Valenciennes,  where  the  green  sand 
iMinies  a  conglomerate  character  and  is  known  by  the  name 
;  tf  Tortia.  Between  these  points,  the  beds  in  question  form  a 
I  broad  sone  of  sandy  country  circling  round  the  area  of  the 
;.  chalk,  on  the  east  side  forming  only  a  narrow  band,  but  on  the 
|^(Mth  and  south-west  occupying  a  considerable  space.  Mr* 
^  OBalios  d'Halloy  has  described  the  series  under  the  title  of 
L  tte  lower  chalk,  which  seems  very  unfortunately  chosen,  since 
^k  h  only  mineralogically  applicable  to  a  very  small  part  of  it 
^  (that  corresponding  to  our  chalk  marie),  and  has  led  to  much 
k  canfiisioa  both  as  to  the  description  of  the  chalk  formation  it- 
I  Mf,  and  its  constituent  fossils.  This  author  notices  the  follow- 
^  iig  subdivisions.  1.  Chalk ;  sometimes  of  a  coarser  texture, 
r-  •ceuiODally  mixed  with  clay,  sand,  and  chlorite,  containing 
[  |lb  iiots  abundantly.*  2.  Tuffeau ;  coarse  sandy  chalk  mixed 
^vhh  chlorite.  3.  Sknds  and  sandstones;  often  mixed  with 
cdcareous  matter.  4.  Greyish  clay;  commonly  of  a  marly 
^  tbaracter,  sometimes  mixed  with  chlorite :  the  passages  of 

*  Altfaoygh  the  constant  abundance  of  pale  flints  may  teem  to  dislingnish 
^  bed  from  the  chalk  marie  of  England,  yet  the  latter  is  represented  as 
containing  beds  of  flint  in  some  parts  of  Cambridgeshire;  and  beds  of  chert 
^car  beneath  the  harder  varieties  of  it  near  Reigate  in  Surrey. 
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these  mbdifications  into  one  another,  and  their  alterm 
preirent  the  decided  determination  of  their  order  of  ! 
position,  further  than  the  assigning  the  highest  position 
series  to  No.  1.  Such  is  the  account  given,  in  which  w 
clearly  recognise  the  clialk  marles  and  green  sands  of  on 
series.  More  precise  information  may  be  soon  expectec 
a  surrey  of  the  western  termination  of  the  chalky  cl 
France,  on  the  eve  of  being  undertaken  by  Mr»  dc  la  Be 
translation  of  Mr.  d'llalloy's  memoir  will  be  found 
Annals  of  Philosophy  for  Feb.  and  April  1818.  The  I 
question  form  the  green  coloured  tract  in  the  ilccomp 
map.  The  writer  has  &een  series  of  organic  remains  af 
with  those  of  the  English  green  sand  from  near  Havre,  ai 
of  similar  ones  found  at  Valenciennes. 

On  the  northern  borders  of  the  Alps,  the  highest  beds 
ext^or  calcareous  chains  consist  of  a  dark  coloured  lin 
often  mixed  with  sand  and  green  particles,  and  agreeioi 
fossils  with  this  part  of  the  English  series,  with  the  addi 
nummulites,  whith  are  rare  (although  they  do  occas 
occur)  in  these  beds  in  England.  Similar  beds  are  men 
and  in  a  similar  position,  on  the  skirts  of  the  Maritin 
near  Nice,  in  Mr.  Allan's  account  of  that  neighbourhood 
Phil.  Trans.)  They  form  the  second  limestone  of  the  i 
referred  to. 

The  sandstone  of  Saxony,  generally  known  under  th< 
nerian  name  of  Quader  sandsleiii,  which  forms  such  re 
scenery  between  Dresden  and  Pima,  and  extends  t 
Silesia,  skirting  the  primitive  chains  of  the  Erze  and  Ri( 
berge  on  the  north  towards  Glatz,  and  is  again  found 
south  in  Bohemia^  probably  belongs  to  this  series.  Von  R 
notices  that,  in  Silesia,  it  occasionally  contains  green  pai 
but  its  general  characters,  and  its  few  fossils,  give  it  a 
resemblance  to  the  paler  beds  of  the  iron  sand  as  they  a 
sented  near  Hastings,  with  %vhich  it  agrees  also  in  con 
vegetable  remains.  Sandy  tracts,  probably  of  similar  age 
in  many  other  parts  of  Germany,  particularly  between  B 
and  Bayreuth,  near  the  caTcrnous  limestone,  but  their  r< 
are  not  as  yet  ascertained  ;  nor  do  we  yet  possess  the  m 
pursuing  these  bcd^,  if  indeed  they  exist^  in  other  parts 
Morld. 
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Section  II. 

Chalk  Marie* 

ese  beds,  which  occur  immediatelj  beneath  the  chalk, 
late  into  the  lowest  strata  of  that  substance,  in  such  a 
er  that  verj  often  no  distinct  line  of  separation  can  be 
J.  The  harder  beds  at  the  bottom  of  the  chalk  series, 
ibed  in  the  former  chapter,  afford  an  example  of  this 
itiou,  and  perhaps  might  have  been  placed  with  eqoal 
ietj  under  this  head ;  it  may  therefore  be  necessary 
,  in  some  instances  to  allude  to  them.  On  the  other 
I  the  lowest  beds  of  the  chalk  marie  often  pass  into  those 
le  green  «and,  and  it  is  somewhat  difficult  to  catch  any 
se  characters  for  a  formation  which  is  thus  rather  inter- 
ate  betweeo  two  others,  than  possessed  of  independent 
res.  The  following  descriptions  will  be  taken  (unless 
I  it  is  otherwise  stated)  from  Ihe  appearance  of  these  bed^ 
?nt,  Surrey,  and  Sussex,  wh^rp  their  relations  are  most 
ly  developed. 
)    Chemical  and  external  characters.   The  composition  oC 

beds  consists  apparently  of  three  ingredients,  intimately 
1,  but  in  variable  proportions ;  1st,  cretaceous  matter ; 

argillaceous  matter ;  3dly,  sand.  In  the  upper  beds, 
its  junction  with  the  chalk,  the  cretaceous  matter  pre- 
;  and  these  usually  appear  as  chalky  beds,  distinguished 
the  true  chalk  by  a  greyish  or  n^ottled  character,  and  by 
«  laminated  texture,  and  by  falling  to  pieces  w^^n  wetted 
dried  again.  It  greatly  varies  in  hardness,  bot  will  not 
ly  mark  like  chalk,  and  often  acquires  sufficient  consis* 
'  for  architectural  purposes ;  its  aspect  is  also  more  gritty 
the  chalk  usually  is.+  Where  the  argtllaceouji  matter  pre* 
to  excess,  a  tenacious  ai|;illaceous  marie  of  the  ordinary 
ctere,  and  of  a  bluish  grey  colour,  is  the  resu)t.  Beds  of 
character  often  underlie  the  former,  as  at  Folkstpne  in 
.  Thirdly,  where  the  sand  prevaib,  a  fine-grained  grey- 
UQ4^ppe  of  loose  texture  is  produced,  which  forms  a'  link 

*  By  the  Rev.  W.  D.  Conjbcare. 

iVDon  dctafled  aecoiuit  of  the  character  of  the  harder  beds  which  are 
d  in  Surrey  for  architectural  purposet^  and  afford  a  good  fire-«tone, 
e  found  in  the  account  of  the  Weald  district  in  the  second  division  of 
iopter.  That  of  the  Isle  of  Wight  (W.)  is  a  ffood  building  stone^  if 
'hen  first  taken  out  of  its  bed,  but  hardens  by  exposure  All  the 
It  Gothic  churches  ^  the  north  didc  of  the  island,  have  been  conv 
«d  of  it. 

ft? 
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grtduitiiig  into  the  beds  of  green  aand.  Sometimes  these  mo- 
^fications  occur  in  distinct  beds  with  well  deined  lines  of 
sepention,  but  more  nsnalij  blended  together,  and  passiiig  bta 
one  another.  The  more  ai]dilaceoaB  form  which  ocean  st 
Folkstone  was  found  by  Mr.  R.  Phillips  to  lose  13  parts  oat  of 
100,  on  bdng  tabmitted  to  the  action  of  an  add,  indicatiBg 
the  presence  of  nearly  50  per  cent,  of  carbonate  of  lime :  the 
more  cretaceous  forms,  82  per  Cent,  carbonate  of  lime,  18  silex 
and  alamine,  chiefly  the  former,  and  a  trace  of  oxide  of  iron. 
The  marly  Tarietiet  occasionally  contain  concretional  nmses 
of  the  more  cretaceous  and  siliceous  forms ;  beds  of  chert  abo 
occasionally  occur  in  these  strata,  as  at  Reigate,  and  flinty 
nodules  in  some  parts  of  Cambridgeshire.  Besides  the  abo?e 
tarieties,  a  singular  appearance  is  assumed  by  the  lower  clialk 
beds  in  many  parts  of  Yorkshire  and  Lincolnshire ;  which,  as 
has  been  mentioned  in  the  preTious  chapter,  have  often  a  dark 
red  colour,  (see  particularly  the  note  on  Hanstanton  cliff,  page 
78) ;  these  beds'  probably  belong  to  this  part  of  the  series, 
and  derive  their  colour  from  the  mixture  of  oxide  of  iron. 

(b)  Mineral  conienis.  Irregular  nodules  and  radiated  manes 
of  iron  pyrites  are  common  both  in  the  cretaceous  and  aigilla- 
ceous  Tarieties;  in  the  latter,  geodes  and  septaria,-with  cal- 
careous  spar  and  selenite,  and  occasicmally  sulphate  of  limei 
also  occur,  if  the  marly  beds,  which  will  hereafter  be  mentioned 
as  occurring  in  Yorkshire  and  Cambridgeshire  beneath  the 
chalk,  really  belong  to  this  formation. 

(c)  Organic  remains.    The  upper  cretaceous  beds,  near  the 
junction  with  the  chalk,  contain  organic  remains  of  a  neariy 
similar  character  with  those  of  the  lower  chalk ;  vi%.  naiUiiuij 
inoceramus^  echini^  alcjfonia  and  sponges^  but  the  lower  and 
more  argillaceous  strata  are  distinguished  by  a  rich  yariety  of 
singular  and  peculiar  fossils,  especially  in  the  order  of  mnltt- 
locular  shells.     In  the  following  list  references  to  the  figures 
in  Sowerby's  Mmeral  Conchology  are  given.      Jmmmdtei, 
Jl.  Mantelli,  plate  55.    Jl.  minutus,  53.  fig.  3.     A.  planicosta, 
73.     A.  rostratus,  173  ?     A.  splendens,  103.  fig.  1.2.    A*  va- 
rians,  176.     Nautilus.    N.  inaequalis,  40.  fig.  10.     N.  elefans, 
116.    N.  Comptoni,  131 .    Hamites ;  the  species  of  this  singohr 
genus  are  numerous  and  very  abundant  at  Folkestone ;  many 
figures  of  these  are  given  in  plates  61  &  62.    Plate  168  ex- 
hibits a  remarkable  variety  armed  with  spines  from  bedsfio* 
bably  of  this  formation  at  Roak,  in  Oxfordshire.     Plate  213 
shews  the  same  from  the  Isle  of  Wight,  and  some  other  specie. 
These  fossils  may  be  considered  as  peculiar  to,  and  highi/ 
characteristic  of,  this  formation. 
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Scaphiies,  plate  1 8.  fig.  4  to  7. 

TurriUies  costata,  36.     T.  tuberculata,  74. 

Belemniiei — some  varieties  small  and  fusiform. 

Of  Unrvahes  not  chambered^  have  been  found, 

DentaUum  decussatum,  plate  70.  fig.  5 ;    D,  ellip- 

ticum,  ib.  fig*  6  &  7. 
Vermiculatna  umbonata,  57.  fig.  6  &  7. 
Cerithium  m^lanoides,  147. 
Euomphalus, 
Patella  laris,  139.  fig.  3. 

Of  Bivahesj  occur, 

Terf^o/fi^i  biplicata,  91. 

Jlrca  subacuta,  44. 

Nucula  pectinata,  192.  fig.  6  and  7. 

Pecten  Beaveri,  158. 

Inoceramus. 

Of  the  EchinuSy  a  variety  of  Spatangus  is  found. 

Among  Zoaphyies;  Madrepora,  a  conical  variety  probably 
belonging  to  the  genus  Turbinolia  of  Lamarck. 
The  PeniacrinUe. 

Remains  of  the  higher  or  vertebral  animals  are  not  common  ; 
but  apparent  fragments  of  bones  have  been  found  at  Folkestone, 
and  a  fossil  fish  in  the  analogous  beds  of  Cambridge ;  where, 
and  at  Mailing  in  Kent,  several  species  of  cancer  are  also  found, 
aad  mineral  wood,  near  Cambridge,  (6.  T.  vol.  5.  p*  115,) 
tad  at  Folkestone  (ibid.  p.  27,)  in  humorous  fragment,  often 
af  several  inches  in  diameter,  and  sometimes  retaining  the 
woody  fibre ;  they  mostly  lie  on  the  green  sand,  and  are  en- 
veloped in,  or  the  interstices  of  their  outer  part  are  filled  with, 
pyrites,  which  is  commonly  in  a  state  of  decomposition,  one  of 
the  consequences  of  which  is  the  formation  of  selenite  in  crys- 
tUs,  which  are  often  well  defined.  These  are  either  attached 
to  the  fossil  wood,  or  lie  imbedded  near  it. 
-  (cf)  Range  and  extent*  As  in  treating  of  the  several  dis- 
tricts occupied  by  these  formations  in  the  second  division  of  this 
chapter^  we  shall  be  enabled  to  give  all  the  geographical  parti- 
culars connected  with  it  with  greater  distinctness,  we  shall  here 
confine  ourselves  to  observing  generally,  that  the  beds  now  des- 
cribed occupy  a  band  extending  beneath  the  foot  of  the  north- 
western escarpment  of  the  main  chalk  range,  and  in  the  south- 
eastern counties  beneath  the  southern  escarpment  of  the  north 
Downs,  and  the  northern  escarpment  of  the  south  Downs.  The 
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breadth  of  this  tract  Taries  genentilj  from  one  to  two  mllei, 
but  if  the  CambHdgeshire  gait  is  properly  referred  to  these 
beds,  it  is  there  considerably  gi^ater. . 

(e)  Thickness,  Near  Folkstone  the  cretaceous  varieties 
occupy  about  200  feet,  and  the  inferior  argillaceous  beds  ahoat 
the  same.  From  300  to  400  feet  may  probably  be  assumed  u 
a  fair  average  thickness  for  these  beds ;  which,  like  all  other 
strata,  are  ? ery  variable  in  this  respect  when  compared  in  4ii< 
tant  points* 

(/)  IncUnaHon.  The  strata  are  alwa^  conformable  U^  the 
subjacent  chalk,  and  therefore  generally  approach  the  horisoo- 
tal  position ;  but  in  the  disturbed  ranges  of  the  Isle  of  Wight 
and  Purbeck,  they  become  nearly  verticfd. 

is)  Heighi.  The  cretaceous  and  siliceous  varieties,  espe- 
cially when  they  assume  an  harder  texture^  frequently  fona 
an  under  terrace.  tK^eath  the  escarpment  of  the  chalk  hiUi: 
this  may  be  particularly  seen  in  Berkshire.  The  highest  hilh 
thus  formed,  are  those  on  which  the  old  Roman  camp  called 
Sinodunum  hangs  over  the  Thames  opposite  Dorchester ;  tj^tj 
'are  detached  and  bold,  and  are  probably  about  500  feet  abo?e 
the  sea.  The  argillaceous  beds,  hayiiig  offered  less  resistaace 
to  the  causes  which  have  modified  the  surface  of  our  continenl!, 
form  low  grounds  at  the  base  of  the  escarpment  of  these  ranges. 

(h)  AgrkuUural  characters.  The  cretaceous  varieties  are, 
like  the  chalk  itself,  favorable  to  the  growth  of  the  beech. 
Where  this  and  the  argillaceous  varieties  are  blended,  a  warm' 
crumbling  marly  soil,  very  rich  and  valuable,  is  produced ;  but 
where  the  argillaceous  forms  exclusively  occur,  a  deep  stif 
clay  which  requires  the  labour  of  years  to  render  it  mellow. 
Flint  gravel,  derived  from  the  overhanging  chalk  ridges,  is 
however  often  spread  over  this  tract,  and  materially  piodlfies 
its  characters. 

'  (0  Phenomena  of  Springs.  The  waters  which  percolate 
through. the  rifty  strata  of  the  superjacent  chalk,  are  usually 
thrown  out  by  some  of  the  more  tenaceous  beds  in  the  upper, 
part  of  this  series ;  but  having  passed  the  line  of  these  springs, 
it  is  necessary  to  sink  the  wells  to  a  considerable  depth,  often 
300  feet,  in  order  to  pierce  the  retentive  argillaceous  strsUa  sad 
reach  the  waters  percolating  through  the  subjacent  sandy  be(|^' 
and  thrown  up  by  their  argillaceous  partings. 
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GREEN  SAND.* 

'  This  is,  in  respect  of  iis  mass,  and  the  nnmher  and  beauty 
f^f  its  organic  remains,  one  of  the  most  important  formations 
between  the  chalk  and  oolites.  In  all  the  southern  counties  its 
beds  occupy  a  great  thickness,  and  may  be  readily  traced, 
as  distinct  from  the  other  members  which  occupy  this  interval ; 
but,  as  we  have  before  remarked,  in  the  Midland  and  Northern 
counties  their  course  is  much  more  obscure,  and  cannot  yet  be 
considered  as  fully  elucidated. 

(a)     Chemical  and  external  characters.    The  men  sand 
Consists  of  loo^  sand,  and  of  sandstone.    The  sand  Is  siliceous, 
but  the  cement,  when  in  the  form  of  sandstone,  is  generally 
calcafeoUs.     Both  sand  and  sandstone  mostly  contain  minute 
portions  of  a  substance  which  has  been  termed  Green  Earth,  f 
which  has  not  been  chemically  examined,  but  very  probably 
dlerives  its  colour  from  the  suboxide  of  iron ;  and  very  com- 
Akmly  spangles  of  mica;  subordinate  beds  and  masses  of  chert, 
and  veins  of  chalcedony  usually  occur;  and  also  frequently 
alternating  beds  and  nodules  of  limestone,  which  in  the  Isle 
•f  Wight  is  termed  Bag^  and  which  is  identical*  with  the 
Kentish  Rag.     Much  obscurity  has  been  produced  by  con- 
founding the  limestone  of  this  formation  with  that  of  Portland  ; 
from  which.  In  geological  position,  characters,  and  fossils,  it  is 
perfectly  distinct.     Beds  of  clay  also  form  occasional  separa- 
tions In  this  formation.     In  the  series  of  these  beds,  chert, 
flint,  and  chalcedony  continually  pass  into  each  other  by  in- 
sensible gradation :  owing  to  their  hardness,  they  are  often 
discoverable  on  the  summits  of  hills,  as  at  Leusden,  Pllsden, 
fee.     The  flinty  and  chalcedonic  varieties   are  much  more 
frequent  in  the  west  of  England  than  in  the  eastern  part  of 
Rent,   l>Ut  they  occur  very  commonly  in  Surrey :  the  most 
beaatiful  are  found  near  Charmouth  in  Dorsetshire. 

The  differences  of  appearance  which  characterise  different 
beds  of  this  formation,  and  often  indeed  affect  all  its  beds  in 
ptrticnlar  localities,  arise,  first,  from  a  difference  of  texiuro, 
vhich  passes  from  a  very  coarse-grained  sandstone,  and  even  a 

*  Chiefly  by  the  Rev.  W.  D.  Conjbeare.  Much  information  has  also 
been  ettncted  from  Mr.  Greenotigh's  Notes. 

^  These  green  particles  are  not  confined  to  this  bed,  but  are  seen  also  in 
[be  Lotidon  clay  above  the  chalk,  in  the  lower  chalk,  in  the  Purbeck  beds 
beneath  the  iron  sand,  and  in  the  upper  heds  of  the  Kimmcridge  clay 
^bea  io  coatact  with  the  Portland  limestone. 
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distioctlj  conglomerated  rock  coDtaining  large  itmnded  fng- 
tnents  of  qaarts,  to  the  finel  j  granular  form :  of  which  Utter 
Tarietyi  the  qaarries  of  Blackdown  in  Devonshire,  which 
principally  rapplj  England  with  whetstones,  afford  the  belt 
examples ;  and  secondly,  from  the  greater  or  less  quantity  of 
the  green  particles  i  these  often  prevail  to  such  a  degree,  at  to 
impart  to  the  rock  its  predominating  aspect ;  often  they  are  s» 
few,  as  to  permit  it  to  assume  a  grey  or  even  buff  coloor.  la 
iome  beds  aJso,  the  sand  is  deeply  coloured  by  brown  oxide  of 
iron;  a  circnmstance  which  gives  \C eight  to  the  opinion,  that 
the  green  particles  owe  their  coloor  to  the  same  metal.  In  the 
latter  case,  it  is  difficult  if  not  impossible  to  distingnish  the 
individual  beds  from  those  of  the  subjacent  formation  of  iron 
sand ;  but  if  the  formation  be  regarded  as  a  whole,  and  the 
tract  occupied  by  it  traced  continuously  to  some  distance,  all 
soch  partial  difficuldes  will  always  be  found  to  vanish,  and  the 
general  truth  will  be  elicited  with  the  clearest  evidence.  Here, 
as  throughout  this  science,  extended  and  combined  observation 
U  the  only  safe  guide. 

It  does  not  appear  that  any  certain  order  of  superposition 
can  be  traced  to  any  distance  in  the  varieties  above  described, 
but  that  they  continually  pass  into  one  another,  and  are  irregn- 
larly  blended  together ; .  a  constant  uniformity  of  character  can 
hardly,  from  the  circumstances  of  the  case,  be  expected  in 
extensive  depositions,  so  obviously  mechanical  in  their  origin. 
The  Fuller's  earth  beds  of  Nutfield  in  Surrey  form  another 
variety  subordinate  to  this  formation. 

(jb)  Mineral  contents^  Iron  pyrites  has  been  found  in  this 
rock  at  Folkstone  in  Kent  and  Caistor  in  Lincolnshire,  and 
haematitic  and  stalactitic  iron  have  been  seen  in  the  ferruginous 
beds.  Near  Nutfield  in  Surrey,  it  contains  crystallized  sul- 
phate of  barytes  of  a  yellow  colour,  of  which  the  interstices 
are  often  filled  with  opake  quartz.  The  cherty  nodules  al- 
ready mentioned,  often  afford  chalcedonies  and  quartz  crystals 
of  great  beauty.  It  is  scarcely  necessary  to  add  that  the  cal- 
careous matter  dispersed  through  this  formation,  often  yields 
crystallized  varieties :  the  occurrence  of  spangles  of  mica  has 
been  already  mentioned. 

(c)  Organic  remains.  The  organic  remains  of  this  forma- 
tion are  extremely  numerous ;  and  often  when,  as  at  Black- 
down,  imbedded  in  the  more  siliceous  varieties  of  its  rocks, 
occur  in  a  state  of  preservation  equally  singular  and  beautiful) 
the  original  calcareous  matter  of  the  fossil  being  entirely  te- 
placed  by  an  infiltration  of  chalcedony.  In  this  state,  it  is 
often  easy  to  detach  them  completely  from  the  loose  sandy 
matrix ;  and  they  then  appear,  although  having  midergose  > 
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mgh  conyenum  of  substance,  with  all  the  sbarpiiMS  and 

icter  of  recent  specimens. 

r  the  higher  animals  no  remains  have  jet  been  found,  ex- 

a  few  teeth  of  fishes,  both  of  the  coinical  and  lanceolate 

e. 

r  the  Testacea,  the  remains  are  so  nnmerons,  that  the 

ries  of  Blackdown  alone  afford  150  species.    It  would  not 

onsistent  with  the  plan  of  this  work  to  enter  into  the  de- 

if  such  a  list ;  we  shall  limit  Qurselyes  therefore,  in  most 

inces,  to  specifying  those  figures  of  which  ca^  be  referred 

i  Sowcrbj's  Mineral  Conchology. 

HITALTES   CHAMBERED. 

Ammonites  auritus,   plate  134.  f     A>  in^tus,  178. 

^.monile,  117.  ui.  Nutfieldiensis,  108.   ^.  Good- 

halli,  225. 
Nautilus  undulatus,  40.     N.  simplex,  122. 
llamites  spinalosus,  215. 
TurriUtes  costata,  36.     T.  obliqua,  75,  fig.  4« 
Belemnitesy  elongated  with  a  smadi  furrow  on  the 

apex. 

'^VITALTES  NOT  CHAMBERE1>. 

HeUx  gentii,  145. 

&ibr^     \  *^®**  ^^  ^f^^  m  Smith's  plate  of 

Natica  canrena  ?  Parkinson,  Tol.  3.  plate  6.  fig.  2. 

Murex ;  Smith's  plate  of  green  sand  fossils^ 

Pleuroioma  rostrata,  146. 

Rostellaria ;  Parkinson,  toI.  3.  plate  5.  fig;  11  fr  H. 

Auricula  incrassata,  163. 

Afftpullaria  ?, 

PUmorbis  euompalns,  140.  fig.  8.    P.  radiatus,  140. 

fig.  5. 
Turbo  carinatus,  240.  fig.  7. 
Vvoipara  extensa,  31,  fig.  2. 

TlBULAB   UNIVALVES. 

Serpula. 

Dentalium  medium,  79,  fig.  5. 
Vermicularia  concarra,  57,  fig.  1  to  5* 
Paiella  locris. 

AU  the  refcrenccf,  anlest  where  otherwiie  ipccifiid,  art  to  tht  Pbtei 
merby's  Mineral  Conchologj. 
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Area  carinata,  pi.  44.  fig*  11* 
Cucuiima  gUbra,  67.     C.  carinata,  307.  fig.  1.  C 
fibrosa,  207,  figi  %. 

7V^[wiMi  danlalea,  88.   T.  spnloM,  8a  7.ecceBtrict 

.    S08.  fig.  2.     T.  affinit,  fOB.  fig.  3. 

P^dtffi  quadricoilatiu,  50.  fig.  1  ft  &   P.  qnnqiwcoi- 

tataa^  56.  fig.  3  to  &    P.  ecbioatiu. 
Peigtmcuhts;  Snuth'sgreeasand  plate. 
Terebraiula  bipUcata,  90.    T.  intermedia^  \b.ig.^ 

T.  ovata,  15.  fig.  3.    T.  lyra,  138.  fig.  2.    T.  pec* 

tita,  138.  fig.  1.     . 
Cardium  Hillanom,  14.  C.  prbboffcideum,  156.  fig- 1« 

C'nmbonatttm,  156.  fig.  3  to  4. 
remi#  angulata,  05.  F.  eqoajis,  31.   F.  Wncolita^ift 

r.  plana,  20. 
Cardita  tuberculata,  143. 
Dianchora  striata,  80. 
Corbula  gigantea,  209.  fig.  56.      C  laevigata  209* 

lig.  1.  2. 
Chama  canaliculata,  26.  fig.  1.    C  conica,  26.  fig*'* 

C.  haliotidea,  25.     C.  plicata,  26.  fig.  4.    C  re- 

curvata,  26.  fig.  2.      C  digitata,  174. 
Osirea  crista  galli,  (not  figured).    O.  gregarea,  lU* 

%.  1. 
Jnoceramus ;  same  varieties  as  in  the  cbalk  marie. 

Ni/a  mandibula,  43. 

Modiola  pallida,  8. 

Perna, 

The  family,  Echinus^  presents  in  this  formation  several  fpe- 
cies  of  the  divisions  Cidaris  and  Spatangus,  and  one  small  spe« 
cies  of  Conalus.  In  these  there  is  a  considerable  resembkace 
to  those  of  the  chalk,  but  seldom  a  complete  identity.  Tbi* 
is  the  lowest  formation  in  which  the  Spatangi  have  yet  been 
found  in  England,  and  the  only  one  besides  the  chalk  which 
afibrds  Conulus.  Many  of  the  species  of  Echinus  in  green  utA 
are  very  small.  The  Encrinital  remains  are  few  and  mninterest* 
ing;  detached  joints  only  of  two  species  have  been  foond* 
The  Coralloid  remains  are  neither  numerous  nor  important; 
but  a  few  small  turbinated  and  porpital  madrepores  -are  foond. 

The  Alcyonic  remains  in  this  formation,  are  more  nnmenas 
and  important  than  those  of  any  other  excepting  the  chilk; 
in  the  remaining  strata  indeed  these  fossils  are  comparativeif 
few,  and  gcncnilly  aflbrd  obscure  traces  only. 
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•  Among  the  numeroas  genora  of  these  fossils  which  hajpe 
never  yet  been  accurately  studied  and  classed,  we  may  specify 
the  following:  I.  Ramose,  much  resembling  that  in  the  chalk; 
%  Funnel-shaped ;  figured  as  th#  frontispiece  to  the  3d  vol. 
of  Parkinson's  Organic  Remains ;  its  mass  appears  to  have 
been  formed  by  an  irregular  plexus  of  reticulated  fibres,  in 
which  traces  of  a  general  radiation  from  the  centre  of  the 
bottom  can  nevertheless  be  observed*  3.  The  tulip-shaped 
Alcyonia,  described  and  figured  by  Mr.  Webster  in  the  2d  vol. 
of  the  Geological  Transactions ;  these  have,  in  perfect  speci- 
meas,  a  ramifying  root,  and  a  stem,  not  very  long,  carrying  a 
bulbous  head,  in  the  upper  part  of  which  is  a  funnel-shaped 
QHmth.  This  head  is  formed  of  an  irregular  plexus  of  reticu- 
lated fibres,  traversed  longitudinally  by  rows  of  pores  arranged 
in  concentric  circles  round  the  axis ;  each  of  tliese  pores  has  a 
central  fibre  running  through  it.  4.  Having  a  very  short  stem^ 
or  rather  neck,  supporting  a  large  head,  divided  into  many 
lobes;  of  this  form  the  varieties  are  many  and  grotesque. 
5.  Shaped  like  a  cucumber. 

The  vegetable  remains  as  yet  found  in  this  formation  are 
confined  to  fragments  of  silicified  wood. 

(d)  Range  and  extent.  Traces  of  this  formation  may  be 
observed  underlying  the  escarpment  of  the  chalk  in  Yorkshire 
and  Lincolnshire,  but  those  counties  haTe  not  been  examined 
with  sufficient  care  to  enable  us  to  enter  into  any  detail ;  and 
the  same  remark  equally  applies  to  the  midland  counties,  in 
irhich  also  the  alluvial  debris  at  the  foot  of  the  chalk  hills  ren- 
ders it  difficult  to  trace  this  substratum.  Following  the  escarp- 
ment of  the  chalk  west^rards,  we  find  near  Childrey  and 
Wantage,  in  the  vale  of  the  White  horse  (Berkshire),  very 
decided  exhibitions  of  this  formation,  which  may  thence  be 
traced  continuously  through  Wiltshire  and  Dorsetshire  underp 
lying  the  chalk  ;  in  Wiltshire  it  often  constitutes  a  secondary 
raoge  of  hills  standing  in  advance  of  those  of  the  chalk  for- 
mation, and  nearly  rivalling  them  in  height,  as  is  the  case  at 
M^anninster  and  Stourhead ;  and  it  forms  the  base  of  the  vallies 
rbieh  deeply  indent  the  great  chalk  escarpment,  as  at  Pewse^r 
ind  the  vale  of  Wardour. 

On  the  confines  of  Dorset  and  Devon,  it  presents  many  high 
ind  insulated  masses,  constituting  what  are  called  outliers; 
ihns,  it  forms  the  summit  of  Lensden  and  Pilsdon  hills  and  tho 
ixtcnaive  table-land  of  Blackdown,  which  stretches  far  to  the 
ireaty  covering  great  part  of  the  eastern  division  of  Devonshire, 
Ming  subdivided  by  many  vallies  into  several  long  ridges.  In 
:he  codrse  of  its  progress  to  the  south-west,  the  green  sand 
overlies  in  succession  the  terminati<mfl  of  the  oolites  and  the 
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lutfy  aiid  beeomes,  in  the  wettera  put  of  BkckdowB^  iinM* 
diatelj  iiiciiml>eiit  on  the  newer  red  sandittme. 

Mil  farther  westwards,  and  bejcmd  Exeter,  we  have  anedKr 
ontljing  mass  of  this,  formatfon  capping  the  king  range  of  Hil- 
don  hill,  which  is  dirided  only  bj  an  intermediate  ndlej  fraa 
the  granite  of  Dartmoor ;  a  singolar  instance  (in  this  iaind)  if 
the  near  juxtaposition  of  primitiTe  and  Terj  modem  racks. 

In  the  sonth  and  centre  of  Dorsetshire,  the  green  sand  fel- 
lows the  carve  wliich  the  chalk  has  been  described  as  nndd^ 
through  that  district,  and  constltntes  ontljring  conical  soHsdtf 
which  form  well  characterised  land-marks  near  Abbotsboiy. 

Through  the  Isles  of  Purbeck  and  Wight  it  acoonpanbstbB 
elevated  strata  of  the  chalk,  assuming  itself  a  conformslrii 
inclination*  We  shall  have  occuion  to  return  to  thispaitif 
its  course  in  a  more  particular  manner,  at  the  doM  el  tU 
chapter;  as  alto  to  its  range  through  the  Weald  of  Kent  wd 
Sussex,  where  it  forms  as  it  were  a  ring  of  hills-  nmging  paiaUd 
to  those  of  the  chalk,  and  forming  an  inner  band  circltegramid 
the  centre  of  the  denudation. 

Besides  its  general  range  as  above  shortly  sketched,  ProCeisor 
Buckland  has  noticed  a  singular  and  insulated  occurrence  of 
this  rock  near  the  south-west  angle  of  the  London  basin ;  where 
the  chalk,  which  borders  that  basin  on  the  south,  crops  out  and 
exhibits  rather  unexpectedly  (from  the  low  character  of  the 
ground  between  this  and  the  general  area  of  the  London  bisin) 
this  substratum  at  Kingsclere,  and  again  near  the  noitbcn 
foot  of  Inkpen  beacon.  It  is  seen,  however,  only  through  t 
very  small  space,  sinking  on  all  sides  beneath  the  chalk. 

(e)  Height  of  hiUi,  Sfc.  In  the  Northern  and  lUdlsad 
counties  this  formation  occupies  tracts  comparatively  low.  Is 
Wilts,  the  hills  near  Warminster,  and  those  of  Stourbesd, 
masked  by  the  conspicuous  building  called  Alfred's  Tower, 
rise  to  about  800  feet.  In  Devon,  Blackdown  rises  817,  sod 
Haldon  818  feet.  In  the  Weald  the  greatest  height  of  tfai$ 
formation  is  at  Leith  hill  in  Surrey,  993  feet 

(f)  Thickness  J  Sfc  No  natural  section  of  this  bed,  affofd- 
ing  a  satisfactory  opportunity  of  ascertaining  its  thickneM)  it 
known.  It  certainly  however  differs  in  different  places.  Throagh 
Yorkshire,  Lincolnshire,  Norfolk,  and  from  Cambridge  throagh 
Bedfordshire,  along  which  counties  it  appears  on  tfis  west  rf 
the  chalk  escarpment,  this  bed  is  but  thin. 

In  the  vale  of  Pewsey  in  Wiltshire  and  near  Wamdatter,  it 

occupies  a  greater  breadth  on  the  surface ;  whence  it  wtEf  be 

•  assumed  as  being  thicker  than  it  is  higher  north.     At  Potttn 

Parsonage  near  Devizes  the  well  is  196  feet  deep  chiefly  hi  the 

&rej  sand  (T.  115)^  and  one  at  Hagworthmgham  in  Lincoln- 
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re,  in  the  saine  sand,  is  110  feet  deep.  (G.  Notes.)  At 
iftesbarj  in  Dorsetshire  the  wells  (G.  Notes)  are  verj  deep, 
is  900  feet  thick  at  Blackdown  in  DeTonshire.  fint  if  the 
stdth  of  surface  be  an  indicatidn  of  thickness  in  a  bed,  we 
tst  look  for  the  greatest  thickness  of  this  on  the  east  of  Alton 
Hants,  where  its  breadth  is  abont  19  or  14  miles :  but  we 
re  no  account  of  sinkings  in  this  neighbourhood.  The  great- 
thickness  of  this  stratum  is  given  by  Professor  Buckland  in 
\  •rder  of  superposition,  as  300  feet.  In  the  Weald  however 
piobablj  exceeds  this. 

(^)  InciinaHony  Sfc,  The  dip  of  this  bed  may  be  con- 
ered  to  be  nearly  the  same  as  that  of  the  chalk  which  it 
ierlies,  usually  dipping  at  a  low  and  almost  inappreciable 
i;ltt  beneath  the  escarpment  of  that  formation ;  but  in  those 
tricts  in  which  the  strata  of  chalk  become  highly  elevated^ 
»e  also  assume  a  conformable  position  :  to  enter  further  into 
tails,  would  be  only  to  repeat  without  necessity  what  has 
m  already  stated  in  describing  the  inclination  of  the  chalk. 
[h)  jigricuUural  character.  This  formation  usually  affords 
ight  loamy  soil ;  which,  in  the  vallies  formed  by  it  in  Wilts, 
I  been  found  to  possess  considerable  fertility.  The  elevated 
wns  covered  by  it  in  Devonshire  and  in  Surrey,  are  stilt 
rever  mostly  left  in  the  sate  of  unreclaimed  heath, 
[t)  Phipnomena  of  springs y  Sfc.  The  waters  which  rise  in 
s  formation,  and  are  thrown  out  by  the  thin  seams  of  clay 
ich  alternate  with  it,  are  frequently  chalybeate.  The 
lenl  character  of  the  formation  being  porous,  it  is  often 
pessary  to  pierce  it  to  a  considerable  depth  in  order  to  reach 
I  water  thrown  out  by  the  great  retentive  substratum  of  the 
old  clay. 

Section  IV. 

WEALD  CLAY.  ♦ 

Fhis  formation  has  hitherto  attracted  a  very  slight  degree  of 
ention,  and  a  very  few  words  will  be  found  to  comprise  all 
it  is  at  present  known  concerning  it. 

[t  is  exhibited  on  the  largest  scale  in  the  Wealds  of  Kent, 
mej,  and  Sussex,  where  it  separates  the  central  nucleus  of 
ruginons  sand  from  the  encircling  ranges  of  the  green  sand 
mation.  Mr.  Smith  has  designated  this  district  by  the  name 
the  Oakiree  clat/j  but  as  that  name  was  originally  applied  to 

•  By  the  Rev.  W.  D.  Cqnybeare* 
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an  argillacoous  stratum  considerably  beneath  the  iron  msA 
(the  same  which  is  marked  b j  tlie  appellation  of  Kirameridge 
claj  in  our  arrangement),  and  which  is  consequently  of  dis- 
tinct and  anterior  formation  to  this ;  f  since  also  Mr.  Smitb 
has  applied  the  term  to  the  Kimmeridge  beds  in  bit  Stnii* 
graphical  arrangement  of  organic  remains,  it  would  manifeidj 
only  perpetuate  a  source  of  confnsion  to  retain  it  in  this  place. 

(a)  ChemUal  and  external  characters.  Its  chemical  chi» 
rarter  and  aspect  varies  from  that  of  a  dark  tem^cious  clay,  to 
that  of  a  blue  or  grey  calcareous  marie  of  an  earthy  and  friable 
texture.  It  contains  occasionally  layers  of  argil lo-calcareoos 
concretions  replete  with  shells  of  the  genus  ViYipara  flunoraai. 
The  interior  of  these  is  usually  filled  by  calcareous  spar ;  aid 
us  the  cement  has  firmness  enough  to  admit  a  slight  poliih, 
masses  of  this  description  are  occasionally  wrought  for  oroi- 
mental  purposes,  and  form  what  is  well  known  in  many  of  oar 
gotliic  buildings  by  the  name  of  Petworth  marble*  It  sboaid 
be  remarked,  however,  that  the  Purbeck  marble  has  been  it 
many  instances  miscalled  by  this  name ;  but  the  latter  is 
marked  by  the  shells  contained  in  it  being  of  smaller  size,  and 
by  a  greater  delicacy  and  elegance  of  texture  and  appearance. 
The  taper  shafts  which  cluster  round  the  columns  of  the  early 
gothic  style^  are  generally  formed  of  the  Purbeck  marble,  tlie 
Petworth  being  used  chiefly  for  the  slabs  of  altar  tombs,  and 
other  coarser  works.  It  is  little  worked  at  present,  being 
«o  hable  to  break  that  it  is  difficult  to  make  it  into  any  thin^ 
that  is  not  bulky ; .  under  the  saw  it  will  frequently  break  oS 
and  fall  to  pieces.  Some  quarries  are  still  however  wrought 
near  Kirdford  and  North  Chapel  in  Surrey.  It  is^^aid  ako 
that  beds  of  fullers'  earth  occasionally  occur  in  this  formatioo. 

(b)  Mineral  contents.  These  appear  to  be  limited  to  the 
specks  of  mica  which  occigr  in  many  of  its  beds,  nodules  of 
iron  pyrites,  and  selenite. 

(c)  Organic  remains.  Its  organic  remains  have  not  as  yet 
been  enumerated  by  any  writer ;  those  given  under  (he  head  ' 
Oaktree  clay  in  Mr.  Smith's  Stratigraphical  arrangement,  being 
in  reality  those  of  the  Kimmeridge  clay.  The  most  charac^ 
teristic  shell  is,  .however,  undoubtedly  that  which  marks  the 
Petworth  marble,  namely,  the  Vivipara  fluviorum,  which  ii 
found  not  only  where  the  quarries  of  that  stone  are  nov 
worked,  but  in  many  other  localities  through  the  vale  occt- 
pied  by  this  formation,  in  Kent,  Surrey,  and  Sussex  ;  they  are 
mingled  with  minute  bivalves,  supposed  to  belong  to.  the  geaas 

'^  Full  proof  of  the  distinction  of  these  fprmatioBt  will  be  given  Ib 
treating  of  the  Kimmeridge  clay. 


: 
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Gjpris  of  Lamarck,  and  figured  in  Sowerby's  Min.  Cone.  Plate 
31.  fig.  1. 

Since  the  recent  Viyipara  is  a  flaviatile  shelly.it  is  aigaed 
that  this  foimation,  at  least  that  fiart  of  it  which  contains  the 
Biarble  in  question,  most  have  been  deposited  from  fresh 
water ; '  bat  the  identification  of  species  does  not  appear  to  be 
made  oat  with  sach  decided  evidence,  as  to  render  it  proper 
liaatiiy  to  Admit  this  supposition,  nntil  the  other  organic  re- 
mains of  the  formation  shall  have  been  examined  and  ascer-- 
tained.  The  work  of  Mr.  Mantell  on  the  fossib  of  Sussex, 
will  doabtless  ere  long  supply  this  deficiency. 

(<0  Range  and  extent.  With  regard  to  the  range  and 
extent  of  this  formation,  we  must  begin  by  observing,  that  the 
difficulty  of  discriminating  between  this  and  the  Folkestone 
clay  in  the  Northern  and  Midland  counties  prevents  our  speak- 
ing positively  as  to  its  course  in  those  quarters,  neither  are  we 
as  yet  in  possession  of  materials  which  will  enable  as  to  trace 
it  in  the  Western  counties. 

The  Southern  counties  can  alone,  in  the  present  state  of  our 
information,  be  cited  as  affording  undoubted  localities  of  this 
bed.  In  these,  however,  several  distant  points  in  Dorsetshire, 
the  Isle  of  Wight,  and  the  Weald  of  the  South-eastern  coun- 
ties, enable  us  to  assign  to  it  a  considerable  extent,  and  to 
apeak  of  it  with  the  lights  derived  from  comparative  obser- 
vations. In  Dorsetshire  it  may  be  traced  in  the  Isle  of  Pur- 
beck,  dividing  the  green  and  iron  sands,  but  it  thins  off  to 
nothing  in  the  western  part  of  that  peninsula.  In  the  Isle  of 
Wight  it  may  be  observed  holding  a  similar  positibn,  and  hav- 
ing obtained  a  greater  thickness,  it  may  be  traced  following 
the  green  sand  under  the  central  chalky  range — and  again 
underlying  the  same  formation  in  the  southern  range  of  the 
VMiercliff.* 

Its  position  in  the  Weald  is  sufficiently  indicated  in  the  head 
of  this  article  :  it  there  possesses  a  thickness  many  times  greater 
than  in  either  of  the  preceding  localities. 

*  In  the  neighbourhood  of  Black-gang  chine  this  stratum  it  very  visible. 
Ultras. the  cause  of  a  great  land-slip  which  took  place  in  the  year  1799, 
mi  of  ainothcr  fall  eieht  or  ten  years  ago ;  springs  of  water,  to  which  both 
auy  be  attributed,  stul  continue  to  make  their  way  through  the  blue  marie 
9a  the  cast  oiJUack*gang  chine. 

s  Whenever  |he  land  springs  act  on  this  stratum,  it  becomes  of  the  con- 
Mtence'of  mud,  runs  out,  and  leaves  the  sandstone  without  support; 
which,  being  deprived  of  its  foundation,  of  course  tumbles  down.  (W. 
p.  134.)  To  this  circumstance  is  to  be  attributed,  in  part  at  least,  that 
Mwm^^^  roin  whi^h  forms  the  striking  feature  of  the  Isle  of  Wight ;  and 
which  being  now  variegated  by  rock?,  and  woods,  and  cottages,  and  corn 
fields,  it  become  the  principal  attraction  gf  the  visitors  to  thc4slaud. 
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(e)  EtevmHam.  This  fonnalioa  neTer  riitt  iato  hflb  if  ■/ 
height.  In  the  Weald,  where  alone  it  posaesaet  anfickat 
thickness  and  extent  to  give  any  character  to  the  geBerallHm 
of  the  surface,  that  surface  is  an  nniform  hroad  inaie. ' 

(f)  Thkkneti.  We  possess  no  daU  for  estiniati^  ^Mi 
thickness,  heyond  those  which  may  be  deduced  from  the  csa- 
sideration  of  its  snperficial  extent.  On  this  gnmnd  we  waj 
safely  assign  to  it  hi  the  Weald  of  Kent  more  than  300  fat 
In  the  Isle  of  Wight  It  appears  not  to  exceed  100. 

(f  >  /iielffMlioft.  We  haTe  no  particular  obsenraticM  is 
make  concerning  the  inclination  of  its  strata,  which  appears  is 
be  always  parallel  to  the  superstrata  of  green  sand  and  chriL 

(A)  JgrioiUwral  character.  This  formatioa  presents  # 
the  agriculturist  a  soil  ^f  pale,  cold,  and  retentive  day,  aste* 
rally  covered  with  woods,  and  requiring  a  large  capHal^  csb- 
bined  with  superior  skill,  attention^  and  activity^  to  oowraitit 
to  any  other  purpose. 

(r)  Phmnomena  of  springs^  Sfc.  The  alunilnona  ehaljbeste 
springy  analysed  by  JDr.  Marcet,  in  the  Isle  of  Wight^  appesrs 
to  have  its  origin  in  this  formation. 


Section  V. 

IRON  SAND.* 

In  arriving  at  this,  the  lowest  of  the  formations  which  later* 
vene  between  the  chalk  and  oolites,  we  become  released  from 
the  difficulties  which  still  partially  obscure  the  history  of  sobm 
of  those  strata  of  which  we  have  lately  treated.  We  are  abb 
to  trace  and  identify  the  present  series  throughout  the  island. 

This  formation  may  be  best  studied  in  the  neighbourhood  rf 
Hastings.  In  different  counties  it  has  received  the  name  of 
Carstane  and  Quern  stone.  It  is  not  possible  to  assign  the 
synonyme  employed  in  the  geological  works  of  Mr.  Siooitiii 
since  from  an  erroneous  identification  of  the  strata  in  different 
districts,  he  has  attached  different  names,  and  attributed  dif- 
ferent  geological  positions,  to  this  formation.  It  foins  dis 
micaceous  brick  earth  of  the  midland  counties  In  his  deseiip* 
tidn  ;  but  in  the  Weald,  he  ascribes  this  to  the  Folkstone  cbff 
and  confounds  this  sand  with  that  which  underlies  the  coiv' 
rag. 

(a)  Chemical  and  external  characters.  This  formatioa  if 
composed  of  a  series  of  strata,  In  which  sand  and  sandstoos 

*  CUicfly  by  the  Rev.  W.  D.  Conybcare/ 
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prevail,  occaaionallj  aUenuting  with  jabordinMte  beds  of  claj, 
ioam,  marie,  fullers*  earth,  and  ochre. 

The  sand  and  sandstone  are  entirelj  siliceous,  and  generally 
:oq}aiD  brown  oxide  of  iron  in  a  considerable  proportion  ;  often 
odeed  in  such  quantity  as  to  have  rendered  many  of  its  beds 
rorth  the  working  as  an  ore  of  that  metal,  while  the  forests  of 
he  county  were  still  in  a  state  to  afford  a  ready  supply  of  fuel 
a  the  spot.  Hence  the  tracts  occupied  by  this  formation,  at 
Qce  strike  the  eye  from  the  brownish  red  aspect  of  their  soil, 
ome  of  the  sandstone  beds,  however,  in  which  the  iron  is  less 
bmidant,  are  of  a  yellow,  and  eTen  of  a  light  buff  colour. 

The  texture  of  these  sandstones  is  evidently  mechanical; 
iiey  often  indeed  form  coarse  grained  conglomerates,  con- 
sting  of  pebbles  (principally  quartzose),  from  the  size  of  a 
igeon's  egg  to  that  of  a  pin^s  head,  imbedded  in  a  ferrugino* 
iliceous  cement;  hence  a  regular  gradation  may  be  traced 
Uo  a  very  fine-grained  sandstone.* 

This  formation  often  contains  (especially  in  Bedfordshire, 
)oTsetshire,  and  near  Hastings)  a  considerable  quantity  of 
Dssil  wood,  and  even  regular  beds  of  wood  coal.  The  sands 
Iternatiug  with  these  beds  also  much  resemble,  in  some  places, 
hose  occurring  in  the  great  coal  formation  ;  this  is  particularly 
he  case  at  Lulworth  Cove  in  Dorsetshire,  where  the  strata  of 
his  series  completely  assume  the  character  of  an  imperfect 
oal  formation.  These  circumstances  have  led  to  expensive 
lut  abortive  attempts  to  procure  this  combustible  from  these 
leds  near  Bexhill  in  Sussex. 

The  following  additional  particulars  are  extracted  from  Mr. 
jreenough's  notes.  Ferns,  charred  wood,  and  other  supposed 
SBOciates  of  coal,  occur  in  the  white  and  grey  sandstones  of 
his  series,  but  rarely  in  the  ferruginous.  The  sinkings  at  Bex- 
lill  in  Sussex,  attended  with  so  great  an  expense,  were  con- 
lucted  in  these  beds.  It  is  said  that  a  kind  of  cannel  coal 
ccurs  on  the  banks  of  the  stream  dividing  Heathfield  and 
A'aidron  parishes  in  the  same  county,  extending  for  a  quarter 
>f  a  mile  in  beds  from  two  to  ten  inches  thick  near  the  surface, 

*  About  Horsham  in  Sussex  this  formation  yields  flags  for  pavements : 
It  Battle  Abbey  the  f^n  work  which  is  in  eood  preservation,  is  of  free- 
Hone  bdonging  to  this  series ;  it  forms  a  good  coping  stone :  near  Lynn  in 
Norfolk  the  iron  clinkers  are  much  esteemed  as  a  building  stone,  and  are 
in  common  use  about  Tunbiidge  in  Kent;  being  little  subject  to  injury  by 
<i>posure.  At  Faringdon  in  Berkshire  they  are  made  mto  mill-stones. 
Ik  want  of  materials  however  for  the  roads  is  severely  felt  in  the  Weald  of 
Kent  and  Sussex,  and  generally  wherever  the  ferruginous  sand  appears  on 
^  turfKe,  at  the  sandstone'  is  more  usually  of  a  friable  texture.    (G. 
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at  the  bottom  of  Creel's  Wood,  aod  oa  the  ikirti  ei 
(Morn.  Chron.  Dec.  1810.    G.  Notes.) 

Silicified  wood  occurs  in  it  at  Aspley,  Crawley,  aod  oti 
places  in  Bedfordshire;  and  jet  is  said  to  have  been  worked 
the  parish  of  Wotton  on  the  borders  of  Surrey  and  Sbss 
(6.  Notes.) 

Coaly  matter  occurs  in  the  parishes  of  Crawley  and  Wti 
lesdon  in  Surrey;  and  at  Flimwell  the  sand  contains  c 
bonaceous  matter  and  a  thin  bed  of  vegetable.     (6.  Notes.] 

The  beds  of  fullers'  earth  which  occasionally  alternate 
this  formation,  have  been  exteosively  worked  in  Bedforddii 
An  account  of  them  is  given  in  the  Philosophical  Transadii 
for  1793,  by  Mr.  Uolloway ;  as  (his  memoir  is  very  short,  a 
sesses  considerable  merit,  well  illustrates  the  disposition  of  I 
beds  of  this  formation  in  that  part  of  their  course,  and  is  ohm 
over  highly  interesting  as  a  y^ery  early  specimen  of  accaa 
geological  obserration,  it  is  reprinted  in  the  note  below.* 

*  An  account  of  the  pits  for  FuUen*  earth  in  Bedfordihire ;  in  a  Id 
from  the  Rev.  Mr.  B.  HoUoway,  F.L  S.  to  Dr.  Woodward,  &c.  From 
Transactions  of  the  Royal  Society,  vol.  xxxii.  p.  419. 

Bedford,  6th  July,  1723. 

"  I  went  a  few  days  ago  to  the  Fullers*  earth  pits  at  Wavendoa  o 
Wobum,  where  there  are  several  pits  now  open ;  hut,  as  the  men  m 
only  at  work  in  one,  and  I  understood  the  earth  was  disposed  in  much 
tame  manner  in  all,  I  did  not  trouble  myself  to  go  down  into  more  tj 
tliat  wherein  they  were  dif^ng;  in  which  I  found  things  disposed  thas 

From  the  surface,  for  about  six  yards  depth,  there  are  several  layer 
sands,  all  reddish,  but  some  lighter  coloured  than  others,  under 'w& 
there  is  a  thin  stratum  of  red  sandstone,  which  they  break  through;  i 
tlien  for  the  depth  of  about  seven  or  eight  yards  more,  you  have  si 
again,  and  after  that  come  to  fullers'  earth ;  the  upper  layer  of  wU 
being  about  a  foot  deep,  they  call  cUfge;  and  this  is  by  the  diggers  thro 
by  as  useless,  by  reason  of  its  great  mixture  with  the  neighbuuring  la 
which  c(*vers,  and  has  insinuated  itself  among  it ;  afterwards  they  dig 
the  earth  for  use  to  the  depth  of  about  eight  feet  mure,  the  matter  wber 
is  distinguished  into  several  layers,  there  being  commonly  a  foot  an 
half  between  one  horizontal  fissure  and  another.  Of  these  layers  oi  full* 
earth,  the  upper  half,  where  the  earth  breaks  itself,  is  tinged  red,  an 
seems  by  the  running:  of  water  from  the  sandy  strata  above,  and  this  p 
tlicy  call  the  erofi^  betwixt  which,  and  the  cledge  above  mentioned,  i 
tliin  layer  of  matter  not  an  inch  in  depth,  in  taste,  colour  and  consistex 
nut  unlike  to  Terra  Japonica.  The  lower  half  of  the  layers  of  fullers*  car 
they  call  wailfarik ;  this  is  untinged  with  the  red  above  mentioned,  a 
sesms  to  be  the  more  pure  and  fitter  for  fulling;  and  underneath  all  i 
stratum  of  white  rough  stone,  of  about  two  feet  thick,  which,  it'  they* 
through,  as  they  "very  seldom  do,  they  find  sand  again,  and  then  is  an  c 
of  their  works. 

One  thing  is  observable  in  the  site  of  this  earth,  which  is,  that  it  see 
to  have  every  where  a  ]>rctly  horizontal  level,  because  tliev  say  (hat  wh 
the  band  ridges  at  the  surface  arc  higher,  the  fullers*  earth 'lies  pruportii 
atcly  deeper. 
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The  ochre  of  Shotover  hill  occupies  a  similar  geological 
JMritioo;  a  list  of  the  accompanying  strata  will  be  found  in  the 
ifipeBded  note.* 

Tb^rorkings  for  iron  in  the  Weald  of  Sussex  are  described 
is  the  agricnltoral  sunrej  for  that  coontj,  from  which  an 
afaact  will  also  be  found  below,  f 

h  tbcK  worki  thcr  tddoni  onderaune  the  ground,  but  at  they  dig  away 
the  earth  below«  otncrs  are  employed  to  dig  aod  carry  off  the  sur£KC ; 
cthcrwiac,  the  matter  abo>e,  being  of  lo  light  and  flitting  a  nature,  would 
&n  in  and  endanger  the  workmen ;  for,  as  wai  observed  before,  the  itra* 
tsM  of  MDdatone  which  occori  before  they  conie  to  the  fullers*  earth,  does 
aoi^  Ec^  aa  in  coa]*pits,  immediately  over  the  matter  they  dig  for,  like  a 
ailing,  but  even  in  the  midst  of  the  superjacent  strata  of  sand,  and  there* 
iatt  caa  be  no  security  to  them  if  they  undermine  them. 

The  perpendicular  fiisures  are  frequent,  and  the  earth  in  the  strata, 
btrfdfi  Its  apparent  distinction  into  layers,  like  all  other  kinds  of  matter, 
by  maoo  of  its  pernliar  onctuousness,  or  the  running  of  the  adjacent  sand 
ioncrccptibly  amon^  It.  breaks  itself  into  pieces  of  aU  angles  and  sixes. 

ror  the  gco|graphtca]  situation  of  these  pits,  they  are  digg^  in  that 
ndmt  of  saim-hiils  by  Wobum;  which  near  Oxford  is  called  Shotoyer;  on 
wmch  lies  Newmarket  heath  by  Cambrid^,  and  which  extends  itself  from 
out  to  west,  every  where,  at  aoout  the  dutance  of  eight  or  ten  miles  from 
te  Chiltcfn  hills,  which  in  Cambridgeshire  are  called  Oog-Maeog;  in  Bucks 
and  Oaon,  the  Chiltern  hills,  from  the  chalky  matter  of  which  toey  chiedy 
eoDsitt ;  which  two  ridges  you  always  jmss,  in  going  from  London  into  the 
MUh,  aathvcast,  or  nOTth-west  counties  in  the  manner  before  mmrioned : 
after  which  you  come  into  that  vast  vale,  which  makes  the  greater  part  of 
ihe midland  counties  of  Cambridge,  Bedford,  Bucks,  Northampton,  Oxford, 
and  CUouccMer,  and  in  which  are  the  rivers  Cam,  Ousc,  Nen,  Avon,  Isis, 
aad  others,  which  I  take  notice  of  because  it  confirms  what  you  say  of 
the  Rgular  disposition  of  the  earth  into  like  strata  or  layers  of  matter, 
■only  through  vast  tracts,  and  from  Whence  I  make  a  question,  whe- 
fullen'  earth  may  not  be  found  in  other  parts  of  the  same  ridge  of 


ft 


hills,  among  other  like  matter. 
We  must  obs^e  however  that  the  author  has  fallen  into  an  error  in 
Mppoalog  Newmarket  heath,  which  in  truth  is  occupied  by  the  chalk  forw 
to  be  the  continuation  of  this  chain  of  hills. 


*  Sectioas  of  the  Ochre  pita,  Shocover  hill. 

feet    inchet 
Beds  of  highly  ferruginous  grit,  forming  the  summit 

ofthehiQ...: 6 

Oreysand • S 

Ferruginous  concretions , J 

Yellow  sand , 6 

CreuKolonreJ  loam  ••.•• « 4 

Ochre 0       6 

BcBBMh  this  ia  a  tccood  bed  of  ochre  separated  by  a  thin  bed  of  clay  t 
thai  WKeeads  an  imerval  of  nearlv  40  feet  occupied  by  various  akemations 
of  ferruginous  and  sometimes  coerty  and  argillaceous  loams  of  a  deep 
a«m  cMoor ;  beneath  these  is  the  formatioa  of  Aylesbnry  limestone. 

^  The  soil  of  Penhunt  is  oravelly  to  an  intermediate  depth :  at  the  hot* 
^  of  the  Earl  of  Ashbumnam*8  park,  sandstone  is  found,  solid  enough 
^  th#  purposes  of  m^oiiry.    Advancing  up  the  bill,  the  suid  rock  is  Si 

82 
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(b)  Mineral  contents.  The  oceurrence  of  beds  of  iron- 
stone and  ochre  in  this  formation^  has  been  already  mentioBed. 
Specimens  of  haematitic  and  stalactitic  iron  may  be  foand 
among  the  former.  Nodular  concretions,  having  an  outer  shell 
of  iron  ore  containing  a  nucleus  of  loose  sand,  and  others  id 
nrhich  bands  of  a  darker  and  lighter  shade,  are  so  disposed  is 
to  resemble  the  aspect  of  the  Egyptian  pebble,  are  common. 
Chert  and  quartz  crystals  are  found  in  some  of  the  beds,  but 
never  in  any  considerable  quantity ;  nor  do  they  ever  rinl 
those  of  the  green  sand  in  beauty. 

(c)  Organic  remains.  The  organic  remains  of  this  formi- 
tiou  have  yet  received  very  little  illustration.  They  appear  to 
be  very  sparingly  dispersed  through  it,  generally,  although 
abundant  in  some  particular  spots.  Of  these,  Faringdon  in 
Berkshire  is  the  most  productive  :  we  have  collected  from  the 
pits  near  that  town,  a  large  nautilus,  fragments  of  ammonitei, 
belemnites,  ostreae,  terebratulae,  and  spines  of  an  echinus  cidarit; 
but  the  most  abundant  and  interesting  fossils  of  this  spot  are 
the  spongitx,  of  which  many  varieties,  tubular,  funnel-shaped, 
and  palmated,  occur:  very  beautiful  minute  corallines  aho 
occur,  and  a  very  singular  ramose  tuhular  fossil  divided  like 
a  chambered  shell  by  transverse  sepia. 

Insulated  casts  in  the  septa  of  the  ammonite  are  common 

feet  in  thickness,  but  so  friable  as  easily  to  be  reduced  to  powder.  Ou  thii 
immediately  a  marie  sets  on,  in  the  dinerent  depths  of  which  the  iroutooe 
comes  on  regularly  in  all  the  various  sorts  as  follows  : 

1.  Small  balls.~ProvincialIy  ttpelw  /eott:  because  so  many  feet  di^ 

taot  from  the  first  to  the  last  bed, 

2.  Gray  limestone.     Used  as  a  flux. 
S.  Foxes. 

4.  Riggit. 

5.  Bulls. 

6.  Caballa  balls. 

7.  Whiteburn.  —  What  tripoli,  properly  calcined  and  treated,  i> 

made  of. 

8.  ClouU. 

9.  Pity. 

This  is  the  order  in  which  the  different  ores  are  found. 

Advancing  on,  there  is  a  valley  where  the  mineral  bed  seems  entirely 
broken,  and  the  sandstone  sets  on.  At  the  distance  of  something  above  s 
mile,  the  ironstone  is  a^ain  seen— another  intervention  of  sand,  and  then 
at  low  water  when  the  tide  goes  out,  the  beds  of  ironstone  appear  regu- 
larly on  the  shore;  an  indisputable  proof  that,  however  the  appearance  oJ 
the  surface  may  vary,  the  substrata  continue  the  same. 

In  taking  the  range  northwardly,  from  the  bottom  of  Ashbumham  Park 
for  \2  miles  at  least,  the  strata  are  nearly  the  same,  there  bein?  no  material 
inequality  of  surface  that  does  not  partalce  of  sandstone,  mark,  iroDstose, 
and  sand  again  at  the  top. 
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throughout  this  stratam  in  Oxfordshire,  and  a  teiliniform  shell 
•ccon  in  the  ironstone  of  Shotorer  in  Oxfordshire. 

The  fossils  giTen  by  Smith  in  his  stratigraphies  1  arrangement 
under  the  head  Brick  Earth,  are  partly  from  this  formation, 
partly  from  the  Folkstone  marie ;  those  which  have  the 
locality,  Steppingley  park,  Bedfordshire,  are  from  the  iron- 
land. 

At  Shanklin  Chine  in  the  Isle  of  Wight,  are  nodules  of  ftr- 
rnginous  marie  in  this  formation,  containing  obscure  casts  ol* 
turbinated  univalve  and  bivalve  shells.  The  lowest  beds  also 
near  Sandown  fort  in  that  island,  contain  various  shells. 

The  occurrence  of  vegetable  remains  in  this  formation  has 
been  already  noticed  in  connexion  with  the  coal  beds  occa- 
sionally traversing  it :  fragments  of  silicified  wood  are  some- 
times found. 

(d)  Range  and  extent.  The  tract  extending  along  the  fool 
yf  the  chalk  hills  in  Yorkshire,  has  not  as  yet  received  suf- 
Scient  examination  to  enable  us  at  present  to  offer  any  par- 
ticnlars  concerning  the  course  of  this  formation  in  that  quarter, 
and  the  marshes  and  alluvium  on  the  west  of  that  escarpment, 
in  Lincolnshire  and  Norfolk,  generally  conceal  it.  In  the 
west  of  Cambridgeshire,  however,  we  find  it  well  exhibited, 
and  having  here  once  gained  a  full  view  of  it,  we  may  trace  it 
hence  continuously  through  the  remainder  of  th^  island.  Here 
it  forms  a  band  nearly  four  miles  broad,  between  Fenny  Stan- 
ton near  St.  Ives  and  Huntingdon,  rising  into  low  hills :  this 
band,  still  holding  the  same  breadth,  preserves  a  direction 
nearly  south-west  through  Bedfordshire,  crossing  that  county 
from  Potton  to  Wobum,  and  entering  Buckinghamshire  at 
Bowbrick  hills,  near  Fenny  Stratford.  Throughout  this  part 
of  its  course,  it  constitutes  the  principal  mass  of  a  well  defined 
range  of  hills,  based  on  the  Oxford  clay.  This  chain  of  hills 
is  continued  through  Buckinghamshire  in  the  same  direction, 
from  Brick  hill  on  the  east  to  Brill  hill  on  the  western  border; 
hot  the  range  is  here  traversed  and  broken  through  by  nu- 
naerous  broad  vallies,  and  thus  separated  into  insulated  groups. 
Throughout  all  that  part  of  Buckinghamshire  which  lies  west 
of  the  Grand  Junction  Canal,  the  Aylesbury  or  Portland  lime- 
stone, which  here  makes  its  first  appearance  underlying  the 
iiwi  sandy  forms  the  lower  and  central  regions  of  those  hills, 
^  the  iron  sand  is  confined  to  their  summits.  In  the  valley 
to  the  south,  separating  these  hills  from  the  chalk  range,  the 
principal  mass  of  this  formation  must  hold  its  course  ;  but  the 
vhole  of  this  tract  is  so  much  concealed  by  debris  of  flint 
Cravel,  derived  from  the  latter,  that  little  can  be  seen. 

In  the  adjoining  county  of  Oxford,  the  iron  sand  and  its 
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subordinate  beds  of  oclire  cover  the  Aylesbarj  limestone  bedl 
on  the  summit  of  Shotover  liill,  which  forms  a  correspondinf 
elevated  group  to  that  of  Urill,  over  against  which  it  stands; 
and  it  may  be  traced  Jiencc  throughout  the  southern  vale,  ii 
the  dark  red  soil,  prevalent  on  the  road  to  Tetsworth,  at  once 
indicates  to  tiie  eye. 

On  the  opposite  side  of  the  Thames,  the  system  of  hiUf  of 
which  Shotover  forms  a  part,  is  continued  through  the  north 
of  Berkshire  by  the  range  of  whicli  Cnmnor  hurst  forms  tiM 
higliest  point  on  the  east,  and  Faringdon  clump  on  the  weA 
Both  these  summits  arc  caipped  by  the  iron  sand,  but  it  hM 
been  denuded  oif  from  a  great  part  of  the  iutcrvening  ridgb 
and  occurs  In  these  points  only  in  the  form  of  iosnlated  m 
outlying  groups.  The  main  course  of  the  formation  lies  throngli 
the  southern  valley,  but  is  mostly  concealed  by  alluvia  fron 
the  overhanging  ranges  of  chalky  downs. 

hi  Wiltshire,  we  are  informed  by  Mr.  Townshend,  tbattUl 
f»and  occurs  at  the  foot  of  Beacon  hill  in  the  road  from  Pewwf 
to  Chippenham,  ond  may  thence  be  traced  rising  up  all  tbs 
way  to  l^ckswell  heath  and  Dring  hill.  That  it  also  emergM 
from  beneath  the  clay  at  Foxhanger,  west  of  Deviies,  and 
thence  rises  up  to  Seend.  It  is  here  described  as  being  t 
pudding-stone,  composed  of  rounded  quartz,  whose  cement  is 
^iliceou3  with  a  red  calx  of  iron,  containing  ore  formerly  ii 
much  request  for  the  furnace  and  the  forge,  and  forming  tbf 
material  whence  the  ancient  Britons  wrought  their  Qneri 
atones. 

It  seems  probable  that  in  proceeding  farther  west,  this  for- 
mation thins  out  and  expires,  since  we  do  not  meet  with  any 
traces  of  it  in  the  west  of  Dorsetshire  ;  but  in  the  south-east  of 
that  county  it  is  very  strikingly  displayed  throughout  the  Isle 
of  Purbcck,  where  it  consists  of  many  beds  of  quartzose  cob* 
glomerate,  and  of  coarse  and  iine-grahied  sandstones  containing 
scams  of  wood  coal.  It  here  forms  a  narrow  stripe  (the  hiffh 
inclination  of  its  strata  reducing  the  space  they  occupy  iu  their 
superficial  appearance)  running  parallel  to  the  chalky  downi) 
and  along  their  southern  foot. 

•  In  the  Isle  of  Wight  it  forms  the  substratum  of  all  the 
aoutliern  half  of  the  island ;  clifls  of  it  may  be  traced  fron 
Sandown  bay  on  the  east  to  Freshwater  bay  on  the  west,  ei- 
cepting  where  concealed  by  the  subsided  ruins  of  the  under- 
cliff. 

In  the  south-eastern  counties,  this  formation  constitutes  the 
central  chain  of  hills  which  traverses  the  W^eald  of  Sussex  frotf 
Hastings  to  Horsham,  and  sends  off  several  branches,  one  of 
which  extends  to  Tun  bridge  Wells.     It  is  separated  on  tin 
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irth  from  the  Ragston  hills  by  a  broad  valley  of  deep  clay 
rough  which  flow  the  two  streams  which  uiiite  to  form  the 
Ledway.  On  the  south,  a  similar  broad  valley  of  clay  sepa- 
ites  the  raDge  from  the  Sussex  chalk  downs.     (G.  Notes.) 

(tf)  Elevation,  4'c.  lii  the  Midland  coonties,  as  has  been 
Lready  observed,  this  formation  constitutes  the  mass  of  a  chain 
f  hills  extending  through  Bedfordshire,  and  forms  the  sum* 
litsof  the  continuation  of  the  same  chain  which  ranges  through 
huks,  Oxon,  Berks,  and  Wilts.  Thii  chain  however  is  much 
Moken.  Its  highest  point  appears  to  be  at  Brill  hill  on  the 
MKders  of  Buckinghani!»hire  and  Oxfordshire.  The  greatest 
leight  of  the  hills  of  this  formation,  which  constitute  the  cen* 
lal  nucleus  of  the  AVeald  in  the  south-eastern  counties,  is  at 
}fowborough  Beacon. 

(/)  Thitkness,  The  greatest  thickness  of  this  formation 
ppears  to  be  in  the  AVeald  country,  where  it  cannot  be  esti* 
iiCed  at  less  than  5CX)  feet ;  but  we  have  no  precise  data  to 
nist  us  in  estimating  it  either  here  or  elsewhere. 

(^)  Inclination.  The  position  of  the  strata  of  this  forma- 
lOD  is  generally  conformable  to  that  of  those  nhich  we  have 
reviously  described,  always  keeping  a  parallelism  to  the  great 
halk  ranges,  and  dipping  in  the  same  direction,  and  under  a 
>imlar  angle.  This  must  however  be  understood  with  the  fol- 
iwing  limitation; — that  towards  the  south-west  this  stratum 
buns  off  and  terminates  much  sooner  than  those  wliich  succeed 
;,  not  extending  beyond  the  eastern  division  of  Dorsetshire ; 
hereas  the  green  sand  stretches  into  the  very  heart  of  Devon. 
Ilis  line  agrees  very  nearly  with  that  of  the  subjacent  oolites. 

(h)  Agricultural  character*  The  soil  produced  by  the 
ecay  of  the  beds  of  this  formation  is  esteemed  for  early  crops^ 
Bd  is  in  some  places  exceedingly  fertile ;  but  a  vast  proportion 
f  its  surface  is  covered  by  heath,  as  is  the  case  at  Di&ingham 
[emth  in  Norfolk,  which  is  high  and  spacious.  In  Cambridge- 
lire  it  forms  excellent  garden  ground :  in  Bedfordshire  it  is 
DDsidered  excellent  for  the  growth  of  potatoes,  and  there  are 
(tensive  plantations  upon  it  near  Woburn;  and  some  hop- 
rounds  in  Kent.  It  is  very  favorable  to  the  j^rowth  of  wood, 
lie  Weald  of  Kent  and  Sussex,  consisting  of  it,  is  so  named 
xim  the  forest  which  formerly  covered  it.  This  sand,  until 
le  art  of  manufacturing  iron  by  coal  was  discovered,  was  in 
reat  request  for  the  furnace  and  the  forge.     (G.  Notes.) 

(i)  Phenomena  o/sj}rings^  S{c.  Tliis  formation  resembles 
I  this  respect  all  other  aggregations  of  loose  and  porous  strata, 
ifided  by  a  few  others  of  more  tenacious  quality  :  the  welK 
re" generally  deep:  the  waters  are,  very  frequently,  from  tlii 
bundance  of  iron  in  the  rocks  they  traverse,  chalybeate ;  oC 
htch  Tunbridge  w  ells  is  a  knoit  u  in&tauce. 
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Section  VI. 

Particular  account  of  the  distribution  of  the  formaliom 
between  the  Chalk  and  OoliteSy  in  the  several  districts 
occupied  bj^  them.* 

The  reasons  which  appeared  to  render  it  desirable  to  subjoin 
to  the  more  general  view  of  these  formations  alieadj  giTen,  t 
more  precise  account  of  their  local  phcenomena,  have  ben 
already  stated  in  the  introduction  to  this  chapter.  M>  shiU 
commence  this  article  with  a  description  of  the  structure  of  the 
"Weald  of  Kent,  Sussex,  and  Surrey ;  since  it  is  in  this  tract 
that  the  formations  in  question  acquire  their  greatest  thickness 
and  importance. 

A.     The  Weald. 

This  district  may  be  generally  described  as  stretching  aksg 
the  coast  of  the  channel  from  Folkstone  to  Beachy  Head,  tsd 
thence  extending  westwards  into  the  interior  as  far  as  the  con* 
fines  of  Sussex  and  Hampshire. 

A  lofty  range  of  chalk  hills,  already  described  in  treating  of 
that  formation,  forms  the  general  boundary  of  this  district, 
excepting  where  it  is  open  to  the  sea ;  and  as  the  formations 
within  the  area  make  their  appearance  by  emerging  from  be- 
neath the  surrounding  chalk,  it  has  been  frequently  described 
as  a  great  denudation.  It  would,  however,  be  highly  rash  to 
assume  that  the  chalk  at  any  period  actually  covered  the  whole 
space  in  which  the  inferior  strata  arc  now  exposed,  althoo^ 
the  truncated  form  of  its  escarpment  evidently  shews  it  to  have 
once  extended  much  farther  than  at  present. 

To  the  encircling  hills  of  chalk  a  valley  of  variable  breadtb, 
occupied  by  the  chalk  marie  and  its  subjacent  clay,  succeeds. 
This  valley,  through  a  great  part  of  Kent  and  Surrey,  wii 
anciently  known  by  the  name  of  the  Vale  of  HolmesdaJe;  a 
name  celebrated  by  the  traditionary  lines  which  recorded  the 
successful  stand  said  to  have  been  made  in  defence  of  the 
ancient  laws  and  liberties  of  the  country  against  the  Normio 
iuvader. 

*  The  "Winding  vale  of  Holmeadalc 
Was  never  won  nor  ever  shall.* 

The  inner  border  of  this  valley  is  formed  by  a  second  range 
of  hills  running  round  in  a  line  nearly  parallel  with  tho>eof 
the  chalk,  which  they  rival  and  even  surpass  in  height:  thc!>e 
are  composed  of  the  grcru  sand  formation.  At  the  foot  of  this 
second  ampUithcatre  of  hills,  is  a  second  valley  much  broader 

*  By  ilic  Rev.  W.  D.  Conybearc. 
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le  former,  and  occapie4  bj  the  ii^Uaceaas  beds  which 
•  called  the  Weald  claj. 

Mitral  and  third  range  of  hills,  still  nearij  of  the  same 
,  forms  the  onclens  of  the  whole  district.  It  is  com- 
of  the  thick  strata  of  the  iron  sand  formation ;  bat  in 
laces  near  the  Tallej  of  the  Rother,  which  traTerses  the 
of  this  range^  a  series  of  argiUo-calcareoos  beds  haa 
og  into  for  the  sake  of  the  limestones  thej  afford :  these 
de  base  on  which  the  inm  sand  reposes,  and  must  be 
ved  as  introdnctory  to,  if  not  identical  with,  the  mpper 
the  Purbeck  limestone  series* 


iry  interesting  geological  phoBnomenon  is  presented  by 
irse  of  the  rivers  watering  this  district,  and  the  arraage- 
r  the  vallies  which  convey  them.  We  have  already  iio« 
lat  the  two  grand  vallies  of  this  district — that  of  Holmes- 
nd  that  of  the  Weald  cUy — are  parallel  to  the  direc- 
the  strata ;  but  these  do  not  form  the  channels  through 
any  of  the  more  important  streams  seek  the  tea,  for 
;enerally  have  their  source  in  the  central  ridge  of  inm 
snd  flowing  thence  both  to  the  north  and  to  the  sonth, 
ctions  nearly  at  right  angles  both  to  these  Tallies  and 
ita,  traverse  the  ranges  of  green  sand  and  chalk,  through 
opened  across  them,  in  their  way  to  join  the  Thames  on 
9  and  the  Channel  on  the  other;  instesd  of  being  turned 
r  escarpments  into  the  great  subjacent  vallies,  as  they 
be  if  the  fractures  in  those  escarpments  wt.re  repaired, 
reed  to  empty  themselves  into  Romuey  mar^  and 
ey  level.  In  no  place  perhaps  is  the  important  fact  of 
ie  system  of  vallies  crossing  each  other  transversely-^a 
lich  we  shall  hereafter  see  to  be  of  the  greatest  con- 
:e  with  reference  to  theories  on  the  origin  of  the  pre- 
equalities  of  the  earth's  surface)  more  strikingly  dis« 
In  treating  of  the  chalk  ranges,  we  have  already 
the  rivers  which  thus  break  through  their  line* 
rder  to  trace  the  several  formations  we  have  above 
ly  indicated,  with  tiie  greater  certainty  in  their  course 
1  the  interior,  we  shall  derive  the  clearest  elucidation 
itructure  of  the  ranges  composed  by  them,  in  beginning 
e  sections  presented  along  the  line  of  the  coast.  With- 
eed  attending  to  those,  we  should  be  in  some  danger, 
le  resemblance  of  some  of  the  beds,  to  confound  the 
imnations  of  the  green  sand  and  iron  sand,  or  to  mis- 
e  hard  and  sandy  varieties  of  the  chalk  marie  for  mem« 
the  green  sand ;  but  if  we  first  attend  to  tha  stxus^ax^ 
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of  the  great  ranges  of  hills,  and  the  clay^j  Tallies  which  leps" 
rate  them,  as  developed  on  the  cout,  and  thence  trace  tlKn 
continnonsly  throogh  the  interior,  it  will  be  foond  imponibk 
to  arrive  but  at  one  conclusion. 

The  termination  of  the  chalk  range,  which  forms  the  nortbefn 
boundary  of  the  Weald,  against  the  coast  on  the  north-east  of 
Folkestone,  has  been  already  described  at  page  104 ;  wliere 
an  account  is  given  of  the  grej  chalk,  or  cretaceous  fonn  rf 
the  chalk-marle  which  underlies  them.  This  reposes  oa  tke 
argillaceous  form  of  the  chalk  marie,  which  constitutes  tke 
mass  of  a  crumbling  bank  of  no  great  elevation,  stretching  akaf : 
the  beach  for  nearly  a  mile  from  the  foot  of  the  chalk  clifi 
towards  the  village  of  Folkestone,  where  it  is  succeeded  bj 
the  green  sand.  It  is  replete  with  various  organic  remaifll,  rf 
which  a  list  has  been  already  given  in  treating  of  the  cbsft 
marie.  It  will  l>e  found  important  in  our  subsequent  remsiki 
to  trace  this  argillaceous  marie  through  the  interior*  Hie 
green  sand,  emerging  from  beneath  this  marie,  rises  aeir 
Folkestone  into  cliffs  which  conliiine,  with  an  height  of  fron 
100  to  150  feet,  to  line  the  coast  as  far  as  Hythe ;  where  the 
alluvial  flat  of  llomney  marsh,  evidently  gradually  gained  froB 
the  sea,  at  present  keeps  it  off  from  the  foot  of  the  hills. 

The  green  sand,  as  exhibited  in  this  section,  is  a  coarselj- 
granular  aggregation  of  rounded  fragments  of  quartz,  cemented 
by  calcareous  matter,  and  interspersed  with  very  numeroas 
particles,  and  sometimes  large  kernels,  of  the  green  esrtli 
which  characterises  the  formation. 

Where  the  intervention  of  Homney  marsh  protects  the  coD' 
tinuation  of  the  hills  belonging  to  this  formation  from  the 
wasting  action  of  the  waves,  a  sloping  talus  extends  from  their 
base  to  about  two*thirds  of  their  height ;  and  here  a  long  kv 
line  of  precipice,  nearly  resembling  both  in  structure  and  siti- 
ation  that  of  the  undercliff  in  the  Isle  of  Wight,  hangs  over  it. 
This  precipice  continues  about  three  miles  through  the  parishes 
of  Lympne  and  Aldington ;  *  it  presents  finer  varieties  of  the 
sandstone  alternating  with  beds  of  limestone,  which  appear 
generally  through  Kent  to  mark  the  lower  part  of  this  for- 
mation. The  organic  remains  occurring  in  this  range  sre 
Nautilus,  Ammonites,  Trochi  and  other  turbinated  univali^ 
Ostreae,  Pinnae,  Terebratulae  both  plain  and  plicated,  Cardit) 
Pectines,  Pectuuculi,  Arcae,  Echinitae  spatangi,  and  £.  cobbII* 


*  In  Mr.  Greenough*8  Geolo^'cal  map  this  line  of  tliff  it  repreteotti 
but  owine  to  an  accident,  probably  iu  the  colouring,  an  included  in  the  cb/ 
district  of  the  Weald,  instead  of  tliat  of  the  green  sand. 
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Xear  Orlestone,  the  range  of  the  green  sand  hills  trends 
ioirards,  and  is  succeeded  by  lower  eminences  composed  of  the 
Wesid  clay,  which  skirts  the  central  part  of  the  marsh,  and 
forms  a  broad  tract  of  flatter  country. 


Towards  the  south-west  extremity  -of  the  marsh,  the  strata 
9f  iron  sand,  forming  the  central  chain  of  hills,  emerge  from 
beaeath  the  Weald  clay  near  Oxney  Isle  and  Rye.  At  Cliff 
End  near  Winchelsea,  the  barrier  of  marsh  land  terminates ; 
iSd  the  sea,  attacking  the  foot  of  this  central  chain,  exposes  a 
bold  section  of  it  in  a  line  of  cliffs  extending  thence  past  Has- 
tlagi,  and  terminating  at  the  distance  of  about  seven  miles, 
aetr  Bezhill. 

The  strata  of  this  formation,  near  Rye,  are  coarse-grained 
and  highly  ferruginous;  near  Hastings  they  are  less  ferrugi- 
aoas,  finer,  very  loose  and  friable,  frequently  crumbling  down 
Uwk  the  summit  of  the  clifis  in  a  shower  of  loose  sand,  which 
sccumulates  in  a  tains  at  their  base.  Traces  of  vegetable  im« 
frnsions  may  be  frequently  here  observed. 

Taking  Winchelsea  as  a  centre,  the  succession  of  the  for- 
nttions  on  either  side,  intervening  between  this  point  and  the 
cbilk  hills,  will  be  found  to  correspond.  Hence,  in  -proceed- 
ing south-westwards  we  have  again  to  traverse  in  an  ascending 
oMer  the  formations  we  have  already  crossed  in  descent.  The 
tllavial  flat  of  Pevensey  marsh,  however,  here  interposed,  as 
was  Romney  marsh  on  the  other  side,  has  prevented  any  sec- 
tions from  being  formed  on  the  coast ;  but  the  Weald  clay  may 
be  seen  forming  a  broad  flat  tract  from  Bexhill  beyond  Peven- 
ley ;  and  the  green  sand  and  chalk  marie,  though  here  occupy- 
ing a  less  breadth  than  on  the  northeni  side,  and  not  forming 
i  distinct  range  of  hills,  may  be  observed  underling  the  chalk 
near  the  foot  of  the  lofty  cliffs  of  Beachy  head. 


Having  dius  followed  the  order  of  these  formations  as  ex- 
hibited on  the  coast,  we  have  next  to  trace  their  course  through 
the  interior  of  the  Weald ;  and  here  we  shall  depart  from  our 
uual  arrangement,  and  commencing  with  the  central  chain 
which  forms  the  nucleus  of  the  whole  series,  trace  the  suc- 
ceeding formations  intervening  on  either  side  between  this  and 
the  great  boundary  of  the  chalk  hills  in  an  ascending,  instead 
of  a  descending  order ;  since,  in  this  instance,  this  change  of 
"method  will  be  found  attended  with  many  advanta^o^, 

t2 
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The  area  occupied  by  the  central  range  of  iron  aaad  may  be 
generally  represented  by  a  long  narrow  triangle  of  which  the 
northern  end  of  the  base  is  in  Oxney  Isle,  the  Bouthem  &t 
Bexhill,  and  the  apex  fonr  or  five  miles  west  of  HonliaiiL 
The  whole  tract  is  elevated ,  and  forms  the  ranges  of  Asbdown 
and  St.  J^eooard's  forests ;  Crowboraugh  Beacon,  804  feet  above 
the  sea,  is  the  highest  point. 

Near  Battle,  the  substrata  en  which  this  great  arenaceous 
formation  reposes,  hav^  been  pierced  in  the  lime-works  on  the 
east  of  Ashbumham,  and  been  found  to  consist  of  a  series  oC 
fifteen  tlun  beds  of  limestone,  alternating  with  shale;  (lie 
I  aeven  upper  beds  are  of  a  grey  colour,  and  are  said  to  be 
nearly  composed  of  an  aggregate  of  shells;  the  eight  lower 
beds  are  described  as  of  a  blue  colour,  and  as  being  a  perfectlj 
indurated  calcareous  marie.  This  argillo-calcareoos  fbrmatkia 
will  probably  be  found,  on  an  attentive  examlnatioD  of  all  its 
beds,  especially  the  lowest,  to  coincide  with  that  of  Porbedc, 
hereafter  to  be  described ;  the  upper  beds  are,  however,  said  t* 
present  different  fossils.  Until  it  shall  have  been  ntore  soiet^ 
tifically  observed,  however,  it  is  impossible  to  speak  with 
absolute  certainty ;  and  therefore  the  present  general  descrip- 
tion of  the  Weald  appears  to  afford  the  most  proper  place  for 
noticing  them.  An  account  of  the  section  presented  by  thesi 
works,  extracted  from  the  Agricultural  Survey,  will  be  found 
in  the  note  below.* 

♦  GREYS. 

JTkki/uti, 

feet  inches 

The  First  Limestone 3  3  ....  8  feet  Shale 

Second 0  9  ....  9    ditto 

Third 4  O  ....39 

Fourth 1  1  ....  3 

Fifth 0  8  ....  3 

Sixth 0  8  ....  2 

Seventh 8  3  ....  4 

BLUES.  • 
The  great  blues  by  far  the  best. 

feet  inch.          feet    inch. 

Eighth 2  0     ....     1  6 

Ninth 0        6     0  4 

Tenth O  9     ....     1  ,3                ' 

Eleventh I  2    ....    0  4 

Twelfth 0        8     1  I 

Thirteenth I  1     ....     I  6 

Fourteenth Q  6     ....     8    ■    0 

Fifteenth 2  3 

The  la«t  s^one  is  fine  enough  to  set  a  razor. 
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These  ioferior  argillo-calcareoos  strata  are  covered  by  that 
great  series  0f  beds  of  fermginons  sand  wbfich  constitute  this 
mass  of  this  central  group  of  hills.  In  the  general  description 
of  the  formation  before  given,  an  account  of  the  beds  of  iroli 
ore  vorked  in  this  part  of  the  Weald  will  be  found. 

The  great  zone  formed  by  the  Weald  clay,  constitntiti^  a 
flat  tract  about  five  miles  in  average  breadth,  circles  roond  this 
ceatral  group,  ranging  on  the  north  from  tlie  Isle  of  Otuey  by 
Tiobridge  towards  Haslemere,  and  thence  returning  soiith- 
tut  to  Pevensey.  It  is  generally  characterised  by  its  caU 
cireous  concretions  containing  the  Vivipara,  and  forming  what 
ii  called  the  Petworth  marble.  On  this  subject  we  have 
aotiiing  to  add  to  the  statements  given  in  the  geneilU  account 
•f  these  formations.  It  is  of  great  importance,  in  order  to  totrect 
•11  misapprehensions  which  have  arisen  concerning  the  structure 
itf  tkb  district,  to  trace  correctly  the  line  of  the  next  fonna>- 
tioa — that  of  the  green  sand ;  and  this  fortunately  may  be  don<$ 
iritlMMit  the  possibility  of  error,  by  following  its  course  con- 
tiouonsly  from  its  section  on  the  coast  between  FolkMtdne  and 
Lympne ;  for  its  upper  limit  behig  marked  by  the  course  of 
tl^  argillaceous  chalk  marie  of  Folkestone  through  the  vale  of 
Holmesdale,  and  its  lower  limit  by  the  great  clay  valley  of  the 
Weald,  it  is  effectually  cut  off  from  the  formations  on  either 
ade,  with  which  it  may  form  occasional  similarity  of  character, 
and  has  indeed  been  confounded  by  very  able  observers,  who 
hare  examined  it  only  partially  and  without  a  due  attention  to 
(his  circumstance. 

From  the  sectional  cliffs  before  described  between  Folke* 
stooe  and  Lympne,  this  formation  may  be  unintierrdpt^dly 
traced  to  the  borders  of  Surrey,  constituting  a  well  marked 
ndge  of  hills  from  600  to  800  feet  in  height,  and  about  two 
failes  broad,  ranging  immediately  on  the  south  of  Maidstone, 
^enoaks,  and  Westerham,  although  occasionally  broken 
through  by  transverse  vsdlies,  particularly  that  of  the  Medway. 
Although,  however,  the  mass  of  this  formation  may  be  thus 
uninterruptedly  traced,  it  undergoes  some  change  in  the  com- 
position and  external  characters  of  its  constituent  beds  as  it 
^Ttnces  westwards.  East  of  the  Medway  these  present,  as  on 
the  coast,  sandstones  of  a  loose  texture,  full  of  large  green  par« 
ticles,  alternating  towards  the  lower  part  of  the  series  trith 
^8  of  limestone ;  but  in  proceeding  towards  Sevenoaks  and 
Westerham,  the  green  particles  decrease  in  quantity ;  the  pre^ 
^ing  aspect  of  the  sandstone  becomes  more  ferruginous,  and 
^ts  grain  finer ;  cherty  beds  also  appear  more  commonly  dis- 
P^r^  through  the  mass. 
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On  the  north  of  this  range  lies  the  Tale  of  Holmesda^ 
throughout  the  bottom  of  which  the  argillaceoas  marie 
Folkestone  may  be  traced,  without  interruption,  from  the  ■ 
coast  into  Surrey.  Above  this,  on  the  opposite  side,  rises  tl 
escarpment  of  the  chalk  hills,  the  bottom  of  which  is  fonm 
.by  the  grey  ch^lk  or  cretaceous  chalk  marie,  often  containio 
beds  of  fire-stone,  occasionally  marked  by  spots  of  green  eaitl 

Having  thus  traced  these  formations  uninterruptedly  fm 
the  coast  into  Surrey,  it  will  be  our  next  object  to  desciib 
their  appearance  on  the  east  of  that  county,  near  Merstham  a» 
Reigate ;  and  this  we  shall  do  somewhat  more  minutely,  siK 
on  the  ground  above  s^ted — namely  the  continuous  coarse  c 
each  formation  from  the  coast — we  feel  ourselves  compelled  i 
dissent  from  the  opinions  advanced  by  a  writer  conceiiii 
whose  eminent  services  to  English  geology  one  estimate  ed 
can  be  formed ;  and  who,  from  the  inspection  of  this  sii^ 
spot,  has  pronounced  the  fire-stone  beds,  which  we  assigal 
the  chalk  marie  formation,  to  belong  to  that  of  green  laii^ 
and  the  range  which  we  consider  as  the  true  green  sand,  to  b 
iron  sand.  A  particular  account  of  the  observations  made  b 
Mr.  Phillips  on  this  district  in  Feb.  1821,  is  therefore  sal 
joined. 

Section  from  filerstham  Chalk  pits  to  Nufjield. 

The  Merstham  pits  arc  situated  in  the  chalk  marie,  ih 
colour  of  which  here  is  very  different  to  that  of  the  grej  chall 
cH*  chalk  marie  of  Folkestone,  which  is  much  darker,  owioj 
perhaps  to  its  being  iu  immediate  contact  with  the  subjacefl 
blue  marie,  but  which  is  not  the  case  at  Merstham. 
.  The  kilns  are  situated  at  tho  lowest  level  at  which  the  marl 
is  fit  for  the  kiln,  beneath  which  it  becomes  hard  and  ptf 
takes  largely  of  the  nature  of  stone  for  30  or  40  feet  in  depth 
the  lowest  bed  being,  to  use  the  term  of  a  very  intelligei 
miner,  ^  ratchelly'  —  rubbly,  very  loose,  and  easily  cleaio 
away. 

This  ^  ratchelly'  bed  rests  immediately  upon  the  series  c 
fire-stone  beds,  which  have  during  some  years  been  worked  i 
a  quarry,  affording  the  chief  supply  of  fire-stone  for  the  Lm 
don  market.  At  this  time  however,  the  quarry  was  full  ( 
water,  but  an  account  of  it  by  T.  Webster  will  be  found  1 
the  fifth  volume  of  the  Transactions  of  the  Geological  Societ] 
In  addition  to  the  information  there  given,  it  may  be  useful  1 
annex  a  description  of  these  beds,  by  the  intelligent  miner  ( 
whom  mention  has  alteady  been  made. 
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ntchellj  bed 

chert«  9  feet 

fSre-stone,  3  feet 
flint,  4  incbei  (chert  ?) 

fire-stone,  4  feet 

fire-»tone  and  chert,  tfilzed,  2  feet 

hard  and  unusable  for  any  thing, 
4  to  6  feet  (rag  ?) 

blue  marie 


Tliese  beds  dip  on  an  average  nine  inches  in  everj  yard  to 
tke  north,  and  together  famish  a  never-failing  supply  of  water, 
which  then  filled  the  quarry,  owing  to  a  circumstance  pre- 
■eatly  to  he  detailed.     The  water  finds  its  way  not  only  be- 
\^  tveen  the  beds,  but  also  in   great  quantity  through  nearly 
Wrtical  fiisares  in  the  beds  themselves,  wide  enough  for  the 
•doiission  of  the  hand. 
■  The  following  diagram  describes  the  whole  scries  of  beds 
Merstham. 


MiTtfi^am 
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«.  hoUow  in  which  the  limekilns  are  situated  ;  b.  fire-stone  beds;  c.  tun- 
nel ;.i.  blue  marie;  e,  fullers*  earth  beds;  //.  green  sand;  g.  probably 
M'cald  clay ;  i.  probably  iiou  sand. 


To  drain  the  quarry  at  the  upper  part  of  the  fire-stone  beds  h^ 
Utannel,  c,  was  some  years  ago  driven  up  from  the  lowest  land 
^rar  Merstham,  and  in  a  very  nearly  horizontal  direction, 
throogh  the  blue  marie  d ;  which  marie  immediately  underlies 
the  fire-stone  beds,  but  at  the  actual  contact  is  of  a  yellow i>ii 
Colour. 

The  draining  of  the  beds  by  means  of  the  tunnel,  diverted  a 
itream  of  water,  which  formerly  issued  from  another  place, 
^bA  tamed  a  mill ;  but  as  the  tunnel  has  lately  been  stoppf  d, 
Ike  water  has  resumed  its  old  course,  and  issuing  from  bcnradi 
the  picturesque  mound  on  which  Merstham  church  is  built,  and 
lowing  into  the  lower  land,  it  again  supplies  the  mill.  The 
water  appears  to  find  its  way  through  the  upper  part  of  (he 
blue  marie,  where  it  contains  layers  of  somewhat  compact 
calcareous  sandbtone,  iuclosins^  ^rccn  particles  and  mvcd. 
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The  blueness  of  the  water,  where  it  issues,  and  indeed 
wherever  it  is  seen  covering  the  land,  and  in  the  ditches  sC 
the  neighbourhood,,  attracted  attention,  and  induced  a  close 
examination  into  the  extent  of  the  marie.  It  appean  everj 
where  between  the  quarries  and  Merstham,  as  will  be  eraced 
by  thrusting  a  stick  a  very  few  inches  into  the  ground ;  and 
we  *  found  that  at  the  inn  at  Merstham  (the  Feathers)  a  well 
had  been  sunk,  as  the  well-digger  who  sunk  it  assured  us,  960 
feet  through  this  bine  marie  alone;  the  water  rising  frsm 
beneath  a  bed  of  stone  at  the  bottom  of  the  well. 

The  marie  strongly  reminded  me  of  the  blue  marie  at  Folke- 
stone, but  we  saw  no  organic  remains* 

From  Merstham  we  walked  to  Nutfieid^  looking  evefj 
where  for  the  continuation  of  the  blue  marie,  and  we  found  it 
for  about  two  miles  in  the  ditches  and.  fields  on  both  sides 
of  the  common  road.  In  Nutfield  marsh,  the  water  appeared 
here  and  there  a  little  ferruginous,  giving  an  external  tinge  ts 
the  marie. 

So  soon,  however,  as  we  began  to  rise  towards  Nutfield  chuich 
(situated  in  a  lane  below  Nutfield  and  considerably  lower 
than  the  fullers'  earth  beds,)  the  marie  was  lost.  A  sand 
enclosing  layers,  often  so  highly  ferruginous  as  to  bear  the 
character  of  an  iron-stone,  appeared,  interstratified  with  others 
(frequently  of  sand)  of  a  greenish  or  bluish  cast;  but  all 
exhibiting  the  characteristic  particles  of  the  green  sand,  and 
dipping  at  about  the  same  quick  angle  as  the  fire-stone  beds  at 
Merstham. 

I  suspect  these  ferruginous  appearances  to  have  been  mis- 
taken for  the  iron  sand,  which  is  described  by  T.  Webster  as 
appearing  on  the  surface  south  of  Merstham. 

Our  principal  object  at  Nutfield  was  to  see  the  fullers'  earth 
beds,  as  regards  their  position;  they  are  described  by  the 
before-mentioned  author  as  lying  between  the  green  sand  and 
the  iron  sand. 

Not  one  of  the  three  fullers'  earth  pits  now  working  was 
opened  to  the  bottom  of  the  fullers'  earth.  In  the  middle,  and 
most  importL.'.t  one,  however,  we  procured  it  to  be  done,  and 
found  the  fullers'  earth  resting  on  a  sand  and  sandstone  in  part 
highly  ferruginous,  but  no  where  without  the  green  particles 
belonging  to  the  green  sand ;  on  which  therefore  we  conclude 
it  rests,  and  not  on  the  iron  sand  :  in  a  word,  that  the  fulien^ 
earth  is  enclosed  in,  and  subordinate  to,  the  green  sand  for* 
mation.  The  latter  is  often  ferruginous  in  places ;  the  masses 
of  stone  overlying  the  fullers'  eulh  are  often  completely  so, 

*  I  WM  accompaoued  by  my  friend  S.  h,  Kent,  M.G.S. 
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md  masses  and  layers  eren  of  iron-stone  were  seen  in  the 
links  of  the  lane  leading  up  to  Nntficld  church  as  before 
recited. 

in  paisuiDg  our  walk  to  Red  Hill  near  Reigate,  we  found 
■othing  but  green  sand.  The  nature  of  Red  hill  itself  we  bad 
BOt  time  for  exploring,  being  anxious  to  sec  whether  the  low 
fraouds  between  it  and  Merstham  consist,  as  between  Merstham 
md  Nutfield^  of  the  blue  marie.  We  found  the  marie  again 
half  a  mile  north  of  Red  hill,  and  about  a  mile  south  of 
French's  turnpike,  which  is  situated  on  a  little  rise  of  green 
sand.  At  this  place  we  met  with  a  farmer,  who  told  us  that 
the  bloe  marie  occupies  all  the  low  grounds  (or  much  of  the 
bw  ground)  south  of  Merstham — that  it  is  locally  termed 
*  black  land*  —  is  in  many  places  Tcry  holding  (produces 
food  crops)  and  where  it  is  suffered  to  lie  fallow  every  third 
year  wants  little  or  no  manure ;  a  strong  proof  of  its  marly 
aatore. 

We  entered  the  Baron's  care,  the  sand  of  which  is  referred 
by  T*  Webster  to  the  iron  sand.  The  opening  to  this  caye  is 
flo  a  mount  north  of  Reigate  and  overlooking  it  completely. 
The  descent  of  the  cave  is  towards  the  town,  but  is  not  in  a 
direct  line,  at  an  average  angle  perhaps  of  30  or  35  degrees 
for  900  or  more  feet,  with  one  branching  vault  near  the  centre 
towards  the  west  about  150  feet  long,  from  10  to  12  feet  high, 
and  about  12  feet  wide.  The  sand  is  very  white,  except  where 
it  is  traversed  by  ochreous  veins ;  mica  is  found  in  it  sparingly 
and  in  small  fragments  as  well  as  extremely  minute  green  par. 
tides,  visible  only  by  the  help  of  a  glass.  It  seems  therefore 
to  belong  to  the  green  sand  formation. 

I  pointed  out  to  a  farmer  some  fragments  of  Petworth  marble 
Iving  on  the  side  of  the  road,  and  employed  in  mending  it,  near 
French's  turnpike ;  he  informed  us  that  it  is  found  in  layers 
in  blue  clay,  (the  Weald  clay  g  of  the  preceding  section)  soutli 
of  Red  hill,  and  also  of  the  range  on  the  summit  of  which  the 
fullers'  earth  pits  are  situated :  an  additional  reason  for  assu- 
miiig  the  sand  and  sandstone  on  which  the  fullers'  earth  lies  to 
bekmg  to  the  green  sand,  since  the  Weald  clay  lies  between 
the  green  and  iron  sand. 

From  *  the  points  just  described,  the  green  sand  ridge,  after 
being  cut  through  by  the  valley  of  the  mole,  ranges  on  the 
lonth  of  Dorking ;  Leith  htll,  which  is  about  900  feet  above 
the  level  of  the  sea,  and  possesses  a  remarkably  bold^  and 
monutainoas  character,  forming  a  part  of  it.     Dorking  itself 

♦  The  remainder  of  thii  article  is  by  the  Rev.  W.  D.  Coiv>f\»ew^. 
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appears  (o  stand  apon  the  Folkestooe  maiie*  The  vpper  hth 
of  the  sand  formation  crossed  in  proceedini:  thence  to  Leitk 
hill)  are  coarse-grained  and  very  fermginoas,  and  altemito 
with  beds  of  clay ;  so  that  they  appear  like  a  second  formatioii 
of  iron  sand  resting  upon  the  green  sand.  These  beds  centiiae 
to  intervene  between  the  chalk  marie  and  more  decided  grsm 
sand  throttghottt  the  western  part  of  Surrey.  The  itrata  csi* 
atitatiDg  the  mass  of  Leith  hill  have  the  green  particles  vsrj 
sparingly  interspersed,  and  are  of  a  brownish  bnff  coloar ;  tWjr 
are  nevertheless  well  characterised  as  belonging  to  the  fsr* 
mation  nsually  denominated  green  sand,  by  their  aitemati^ 
bods  of  chert  passing  into  chalcedony,  and  by  the  abandaBct 
of  the  same  variety  of  alcyoninm  which  Mr.  Welieter  bsi 
described  in  the  same  formation  in  the  Isle  of  Wight.  Tie 
sections  of  these  form  white  rings,  traversing  in  every  direcHsa 
the  darker  mass  of  the  rock. 

Immediately  south  of  Guildford,  the  fermginous  npper  beds 
are  strikingly  displayed  at  St.  Catherine's  chapel.  The  more 
decided  green  sand  may  be  observed  beneath  it  on  the  south 
of  Godalming,  whence  it  ranges  south-west  to  Hind  Head,  a 
summit  of  this  ridge  nearly  rivalling  Leith  hill  in  height,  sad 
rising  923  feet  above  the  sea.  Between  Leith  hill  and  Huid 
head,  the  chain  ot  this  formation  is  broken  through  by  the 
valley  of  the  Wey,  but  is  otherwise  continuous,  and  breaks 
down  the  whole  way  with  a  very  bold  escarpment  towards  tiie 
great  valley  of  the  Weald  clay  on  the  south. 

The  upper  ferruginous  beds  intervening  between  this  ridge 
and  the  chalk  marie,  occupy  the  whole  extent  of  Alice  Holt 
and  Woolmer  forests ;  and  the  chalk  marie  containing,  as  at 
Merstham,  beds  of  firestone,  is  well  displayed  between  Altou 
and  Selbome. 

A  good  sketch  of  the  geology  of  this  district  will  be  fooad 
in  the  commencement  of  that  most  elegant  and  entertaining  of 
all  works  of  the  kind.  White's  Natural  History  of  Selbotae ; 
hence  we  extract  the  following  particulars. 

The  chalk  rises  immediately  on  the  south-west«of  Selboiee 
into  a  considerable  eminence  called  Selbome  Hanger.  In  the 
pits  on  its  sides,  the  Ostrea  crista  galli,  Comua  anunonis  sad 
Nautili  (of  the  species  probably  common  in  the  lower  chalk) 
have  been  found.  At  the  foot  of  this  hill,  is  a  thm  bed  of 
clay  which  divides  the  chalk  from  the  subjacent  strata  of  fife- 
stone  on  which  the  village  stands.  The  roads  to  Alton,  aad 
that  to  the  forest,  are  also  deeply  worn  into  this  rock.  It 
consists  of  a  white  firestone,  altei^ating  with  thin  beds  of  a 
blue  rag.     It  is  extensively  quarried  for  the  same  purposes  aa 
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Ae  rimiUr  ttrtta  at  Mentham,  and  it  appean  to  rest  on  beds 
of  clay  which  diride  it  from  the  sands  of  Woolmer  forest. 

To  the  tonth  of  Hasiemere,  the  green  sand  range,  following 
thjB  niantle*shaped  disposition  of  all  the  strata  round  the  cen« 
timl  nocleas  of  iron  sand,  becomes  as  it  were  reflected  towards 
the  south-east.  It  may  be  traced  bj  Blackdowh  hill  and 
Brioksoie  heath  on  the  north  of  Petworth ;  hot  the  hills  in  this 
direction  become  lower;  there  is  a  qoarrj  of  this  rock  well 
characterised  in  the  grounds  of  Lord  Egremont's  park  at  Pet* 
worth. 

Between  Petworth  and  the  chalk  escarpment  on  the  south, 
the  Qpper  ferruginous  sands,  before  noticed,  prevail ;  and  at 
the  ferj  foot  of  the  escarpment  at  Duncton  hill,  the  chalk* 
marie  Ibnnation  is  well  displayed. 

We  have  not  traced  these  formations  throogh  the  remaining 
and  lOttth-easteni  part  of  Sussex  to  the  sea,  but  that  district 
will  shortly  receive  fall  illustration  from  the  publication  of  a 
work  expressly  dedicated  to  it  by  Mr.  Mantell  of  Lewes. 


The  continuation  of  this  denudation  on  the  opposite  coast  of 
France,  where  it  occupies  a  semicircle  of  about  twelve  miles 
ladini,  ranging  round  Boulogne  as  a  centre,  and  skirted  by  a 
lolty  sunphitheatre  of  chalky  hills,  exhibits  a  series  of  forma* 
tioBia  lower  than  any  of  those  which  appear  on  the  English  side, 
and  which  can  therefore  be  only  spoken  of  in  this  place  by  an 
anticipation  of  the  general  method  pursued  in  this  work.  Yet, 
at  it  is  only  in  consequence  of  its  connection  with  the  denu- 
dation of  the  Weald,  that  this  tract  acquires  importance  in  the 
eyes  of  the  English  geologist,  we  shall  throw  together  in  this 
place  the  imperfect  materials  we  pc^sess  concerning  it,  trusting 
that  they  may  have  the  effect  of  leading  to  a  more  full  ex« 
amination  of  a  district  connected  in  so  interesting  a  manner 
with  the  geology  of  our  own  coast. 

The  escarpment  of  the  chalk  pursues  the  semicircular  sweep 
above  described,  round  this  district ;  the  green  sand  may  also 
be  timced  on  the  north-east  of  Uissant,  and  the  hills  close  to 
Boologne,  on  which  Buonaparte's  tower  is  built,  are  capped 
with  strata  of  ferruginous  sand,  possibly  our  own  iron  sand. 
But  instead  of  these  formations  occupying,  as  in  England,  the 
whole  of  the  denuded  area,  we  find  the  coast,  through  the 
greater  part  of  its  breadth,  lined  with  a  calcareoHirgillaceous 
formation  which  underlies  the  sand  last  mentioned ;  this  may 
be  studied  in  the  cliffs  on  either  side  of  Boulogne,  which 
however  are,  from  the  nature  of  the  material,  in  a  very  crumb- 
ling state. 

u2 
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One  of  the  iipper  beds  of  this  fonhatioB  conaists  of  a  raoMik'^ 
able  calcareo-siliceous  grit.  Boalogne  ti  principallj  bailt  of 
this  rock.  It  often  forms  the  upper  stratum  of  the  cliffs  oq 
the  north-east  of  that  town,  and  is  particularlj  abundant  at  a 
pUce  called  le  Creche,  between  it  and  Uissant.  This  rests  oa 
some  beds  of  argillaceous  limestone,  separated  hj  clay;  and 
along  the  bottom  of  this  cliff  is  found  a  coarse  limestone  of  a 
brown  colour,  fnll  of  comua  ammonis,  turbinated  uaifalftt^ 
&c. 

These  alternations  of  argillaceous  and  calcareous  beds  can* 
tinue  to  extend  into  the  interior  towards  the  oast  of  Bonlofne. 
In  a  deep  pit  sunk  at  Sonverain  Moulin,  about  Bwe  miles  6om 
the  town  io  that  direction,'  in  a  fruitless  attempt  to  ptocaie 
coal,  the  workmen  passed  through  twelve  such  altamatkaii 
and  then  pierced  a  solid  calcareous  rock  100  feet  in  thickaw^ 
containing  ammonites.  Below  this,  occurred  a  thin  team  of  woai 
coal,  and  then  30  feet  of  a  shelly  limestone  full  of  tnrbioaled' 
uniYaWes,  small  oysters,  serpulae,  &c«  together  with  impiesBkns 
of  ferns  and  other  vegetables ;  and  lastly,  another  thin  seam 
of  carbonized  wood,  resting  on  coarse  limestone. 

We  have  considered,  in  colouring  the  Map  annexed  to  this 
work,  the  alternating  beds  of  marie  and  limestone  as  belonging 
to  the  same  series  which,  near  Battle  and  in  the  Isle  of  Par- 
beck,  underlie  the  iron  sand :  but  it  should  be  added  that  Mr. 
Backland  rather  inclines  to  refer  them  to  the  older  fonnatioB 
of  the  Oxford  clay,  believing  the  calcareo-siliceons  grit  which 
covers  them,  to  be  the  same  with  that  associated  with  the  coral 
rag  of  England. 

The  coral  rag  is  exhibited  with  well  marked  characters 
about  nine  miles  south-east  of  Boulogne,  near  Samers,  and  the 
great  oolite  may  be  seen  in  the  country  round  Marquise  at  the 
same  distance  on  the  north-east.  Both  these  points  approach 
very  closely  to  the  chalk  escarpment;  so  that  if  the  green 
sand,  iron  sand,  &c.  exist  at  all  in  these  directions,  they  most 
be  greatly  reduced  in  extent. 

Near  Marquise,  the  oolite  comes  in  contact  even  with  the 
older  rocks  of  the  coal  formation,  which  shew  themselves  m 
this  comer  of  the  denudation  almost  immediately  beneath  the 
chalk.  This  coal  district  presents  a  band  of  mountain  line* 
stone  accompanied  by  another  of  regular  coal-measures.  The 
principal  marble  quarries  are  at  Ferqnes,  and  the  prioctptl 
coal  mines  at  Hardmgcn.  The  stratification  is  extremely  coo* 
fused  and  contorted. 


Beds  between  the  ChM  and  Oooliies—tsk  of  fVigki.     t57 

Section  VII. 

Isle  of  Wight.  • 

As  we  have  already  observed,  the  fonnatknis  which  it  is  the 
object  of  this  chapter  to  describe,  form  the  substrata  throagh* 
out  the  southern  half  of  this  island.  They  may  be  most  effec- 
UuUy  studied  at  their  junctions  with  the  range  of  vertical 
ditlk  which  crosses  the  island  from  east  to  west ;  on  the  for- 
laer  side  at  Sandown  bay,  on  the  latter  at  Freshwater  bay. 

Of  this  appearance  in  Sandown  bay  Mr.  Webster  gives  the 
following  account. 

^  Immediately  below  the  chalk  without  flints,  is  a  stratwn  of 
rellowish  white  marie,  or  argillaceous  chalk.  This  is'  also  '- 
rhoHy  without  flinty  nodules.  A  thick  stratum  of  sandstone 
Bcceeds,  consisting  of  siliceous  sand  united  by  calcareous 
natter,  and  containing  also  mica  and  green  earth*  It  is  often  ■'- 
ery  friable,  and  being  here  of  a  whitish  coloor,  is  not  readily 
iiitingoished,  at  a  distance,  from  the  chalk. 

The  next  stratum  consists  of  a  dark  bine  or  grey  marie, 
rhich  readily  falls  to  powder  when  exposed  to  air  and  mois- 
nre  ;  accordingly  its  place  is  marked  by  a  considerable  hollow, 
he  cliff  having  mouldered  away,  so  as  to  form  a  slope  which 
any  be  climbed  up  without  much  difficulty. 

The  blue  marie  is  followed  by  a  very  thick  stratum  of  dark 
ed  and  highly  ferruginous  sand,  sometimes  containing  beds 
irmly  cemented  into  rock.  To  this  succeeds  a  yellow  sand 
tntnm  ;  then  shale ;  and  a  very  irregular  succession  of  dark 
ed  and  yellow  ferruginous  sands  with  clay,  and  shale,  extend- 
Bg  nearly  to  the  middle  of  the  bay. 

The  section  of  these  ferruginous  strata  forms  a  very  lofty 
jierpendicular  cliff,  distinguished  by  the  name  of  Red  cliff; 
vhich  bears  a  striking  contrast  to  those  of  the  neighbouring 
chalk.  Vast  masses  of  it  are  constantly  falling  down ;  on  which 
acoonnt  it  is  rather  dangerous  to  walk  underneath. 

Near  the  termination  of  these  cliffs  towards  the  middle  of 
tlw  bay,  are  several  thin  strata  of  a  stone  composed  wholly  of 
hifalve  shells  in  a  calcareous  matrix,  much  resembling  Pur- 
Wk  stone ;  but  the  shells  are  larger.  These  strata  are  from 
^Bte  inches  to  one  inch  in  thickness,  are  separated  from  each 
•tter  by  beds  of  shale  and  fibrous  carbonate  of  lime,  and  have 
the  same  inclination  as  the  strata  lying  immediately  above 
Ihem.    The  greatest  part  of  what  could  easily  be  got  at,  has 

*  BftbelUv.W.  DtCosyheare. 
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been  carried  awaj,  and  U9ed  as  paving,  for  which  it  antweil 
Yery  well,  being  of  so  regular  a  thickness,  as  not  to  reqnire  any 
preparation.' 

The  blue  marie  of  th«  above  description  corresponds  widi 
the  formation  denominated  in  this  work  the  Weald  clay. 

The  junction  on  the  east  of  Freshwater  bay  pi^scnts  ib  ' 
exact  repotltion  of  the  above. 

Advancing  about  a  mile  south-east  of  this  junction,  Mr«  J 
Webster  observed  the  argillaceous  strata  on  which  the  fenw 
ginous  sandstone  reposes,  make  their  appearance  near  Bmk 
point.    His  account  of  these  is  very  interesting. 

^  The  ferruginous  sand  cliffs  continued  some  way  fartheri 
preserving  nearly  the  same  inclination.  But  the  strata  sasi 
ceeding  to  it,  and  which  dipped  with  a  gradually  decreasiB| 
angle,  until  they  were  at  last  nearly  horisoutal  near  Braskj 
were  very  different.  They  consisted  of  a  snccessimi  of  beadi* 
fully  coloured  plastic  clays  alternating  with  beds  of  red  ani 
yellow  sand,  sandstone,  slate  clay  with  fossil  shells,  and  shs 
limestone  containing  veins  of  calcareous  spar. 

At  Brook  point  die  cliffs  interested  mc  much.  They  were 
about  thirty  feet  in  height ;  and  were  composed  chiefly  of  cby 
resting  upon  a  bod  of  soft  sandstone,  which  contained  a  cw* 
siderable  quantity  of  sulphur,  arising  from  the  decompositioo 
of  pyrites. 

At  this  place  I  observed  many  masses  of  a  coaly  blackness, 
bearing  the  exact  form  and  resemblance  of  trunks  of  trees  that 
had  been  charred,  lying  on  the  beach,  and  imbedded  in  the 
clay  cliffs,  and  also  in  the  rock. 

in  some  parts,  the  ligneous  fibre  was  still  evident.  In  other 
parts,  the  wood  had  been  converted  into  a  substance  vnA 
resembling  jet ;  its  blackness  being  intense,  its  cross  fractin 
conchoidal,  and  its  lustre  very  great.  Other  parts  of  the  tfees 
were  entirely  penetrated  by  pyrites :  and  considerable  groipi 
of  crystals  of  this  substance  were  frequently  attached  to  the 
outside*  i 

They  were  imbedded  in  clay  of  various  colours,  white,  greft 
3rellow  and  red ;  and  lay  in  irregular  horixontal  strata  of  sev^ 
inches  in  thickness,  being  often  pressed  flat,  by  the  incuvbcit 
weight.  Over  this  stratum  of  clay,  which  is  about  eight  or  tea 
feet  thick,  there  is  another,  of  the  same  depth,  of  sand  SD^ 
gravel  highly  ferruginous ;  and  the  water  whkh  filters  fro*  it 
is  strongly  impregnated  with  sulphate  of  iron. 

On  lifting  up  some  of  the  sea  weeds  which  grew  npon  ^ 
shore  between  high  and  low  water  mark,  I  was  surprised  to 
find  almost  all  the  rocks  below  them  composed  of  petrified 
trees,  M  hich  still  retained  their  original  forms.    They  were  of 
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nrioQS  sizes,  from  eight  or  ten  feet  long  and  two  feet  in  dia- 
meter, to  the  size  of  small  branches.  The  knotty  bark  and  the 
ligneous  fibre,  were  rery  distinct;  and  they  were  frequently 
imbedded  in  masses  of  clay  now  indurated  and  in  the  state  of 
aa  argillaceous  rock. 

Some  parts  of  these  trees  were  converted  into  Iron-stone ; 
ind  other  parts  consisted  of  a  great  variety  of  substances,  being 
partly  calcareous,  ferruginous,  pyritous,  bituminous,  aud  lig- 
moos;  and  the  whole  exhibited  a  beautiful  example  of  the 
ittonishing  processes  of  nature  in  converting  vegetables  into 
;otl,  and  in  filling  their  substance  with  solid  rock.  It  is  ob« 
ious  that  the  lowest  strata  of  the  island  are  exhibited  here 
nd  at  San  down  foot. 

Where  the  strata  become  horizontal  along  the  line  of  the 
ndercliff  on  the  south  of  the  island,  the  same  succession  of 
halk,  chalk  marie,  green  sand,  blue  marie,  and  iron  sand  may 
e  traced.  The  best  section  is  afibrded  by  the  precipitous 
des  of  Black  gatig  chine.  In  the  undercliff,  the  green  sand 
Mtains  distinct  alternations  of  calcareous  and  cherty  beds.' 


Section  VIIL 

Isle  of  Purbeck.  * 

On  the  eastern  promontory  of  this  peninsula,  on  the  north 
r  Swanwicb,  and  directly  opposite  the  western  extremity  of 
le  Isle  of  Wight,  to  which  we  have  already  traced  them, 
lase  formations  re^i^tpear  together  with,  and  underlying,  the 
BstiGal  diaik. 

Mr.  Webster  tfans  describes  the  section  presented  at  this 
ieiBt«  '  The  order  was  exactly  the  same  as  what  I  before 
bserred  in  the  Isle  of  Wight*  Under  the  flinty  chalk,  was 
halk  without  flints ;  then  chalk  marie ;  green  sandstone,  with 
imestone  and  chert ;  but  a  slight  trace  of  blue  marie ;  and, 
ftttly,  ferruginous  sand,  sandstone  slate,  shale,  &c.  ibnniog  the 
Ntttom  of  the  bay. 

The  lower  chalk  and  chalk  marie  were,  however,  much  in- 
iumted ;  and  the  limestone  and  chert,  with  many  fossils,  were 
loixed  among  the  green  sand  In  the  most  confused  state  imagi- 
nble;  exhibiting  the  same  knotted  and  lumpy  appearance  as 
{ have  before  mentioned  with  respect  to  the  chalk,  but  still 
oftore  remarkably. 

♦  By  the  Rev.  W.  D.  Conybcarc. 
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The  inclination  of  the  strata,  at  the  bottom  of  the  clay,  les- 
sened as  the  J  approached  the  town  of  Swanwich;  in  these 
cliffs,  I  obseryed  a  stratum  of  fossil  wood,  similar  to  what  his 
been  described  at  Compton  m  the  Isle  of  Wight,  and  ocoipTfo^ 
the  same  situation.' 

The  section  fig.  5.  in'  the  plates  accompanying  this  work, 
exhibits  a  representation  of  the  series  at  this  spot.  It  will 
there  be  farther  seen  that  the  substrata  of  the  Porbeck  tod 
Portland  limestone,  &c.  emei^e  from  beneath  these  arenaceoas 
formations,  and  constitute  the  southern  promontory  of  this 
peninsula.  On  the  western  side  of  this,  .the  coast  again  treads 
northward.  At  the  point  where  it  again  approaches,  in  con- 
sequence of  this  inflection,  the  line  of  the  chalk  hills,  is  a 
tract  about  four  miles  long,  rendered  in  the  highest  degree 
remarkable  and  interesting  by  a  series  of  nearly  circular  bays, 
guarded  in  front  by  projecting  capes  and  reefs  of  the  Portland 
rock,  and  excavated  backwards  into  the  interior  as  far  as  the 
chalk  ;  thus  forming  regular  oval  basins,  not  having  more  thin 
oiH**third  of  their  circumference  open  towards  the  outer  sea. 
The  precipitous  sides  of  these  basins  afford  the  finest  sections 
of  all  the  formations  intervening  between  the  Portland  bed> 
and  the  chalk.  The  outer  capes  of  these  coves,  which  exhibit 
the  Portland  beds,  are  lofty,  being  transvere  sections  of  a 
ridge  of  hills  of  that  formation  traversing  the  peninsula  longi- 
tudinally from  east  to  west.  The  inner  cliffs,  which  exhibit 
the  arenaceous  formations,  are  low ;  being  cut  into  a  valley, 
which,  throughout  this  tract,  separates  the  above  ridge  from 
tliat  of  chalk.  Cliffs,  and  towering  eminences  of  the  latter, 
form  the  back  of  each  cove. 

There  are  six  of  these  coves,  which  occur  in  this  order  be- 
ginning from  the  east;  1.  AVorthbarrow  cove;  3.  Lulworth 
cove ;  3.  Stare  cove  (a  very  small  excavation) ;  4.  a  larger 
cove  unnamed  ;  5.  Man-of-war  cov^,  and  Durdle  or  Bam>door 
cove ;  remarkable  from  a  perforated  and  arched  rock  fonniog 
its  eastern  cape,  whence  it  has  acquired  the  latter  name. 

The  sections  in  all  these  correspond  to  those  before  described 
in  the  Isle  of  AVight,  and  at  Swanwich  bay.  At  Lulworth 
cove,  which  is  perhaps  the  most  remarkable  of  these  on  ac- 
count of  the  regularity  of  its  circular  form,  the  beds  of  wood 
coal  contained  in  the  iron  sand  are  very  strikingly  exhibited. 

Mr.  Webster  has  well  observed  that  these  coves  arc  eqoaJIj 
remarkable  for  their  singular  form  and  picturesque  character. 
as  from  their  comprising  in  so  short  a  space  the  epitome  of  i^ 
coHhiderable  a  portion  of  the  English  strata. 
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Section  IX. 

Attempt  to  trace  the  arenaceous  formoHons  through  the 

Midland  counties,  • 

The  iron  sand  cannot,  it  is  believed,  be  pursued  in  Dorset- 
shire much  to  the  west  of  the  point  to  which  it  has  been  traced 
in  the  last  section,  its  line  of  basset  being  entirely  orerlaid  in 
that  direction  by  the  green  sand,  which  thus  becomes  imme- 
diately incumbent  npon  older  formations ;  nor  is  it  again  to  be 
distinctly  recognised  ontil  we  arriye  at  the  neighbourhood  of 
Devices  in  Wiltshire.  The  course  of  the  green  sand  through 
this  interval  has  been  already  sufficiently  indicated  in  the  sec- 
tion dedicated  to  that  formation ;  but  at  this  point,  where 
both  the  sands  are  agieiin  distinctly  to  be  traced,  it  becomes 
important  to  bestow  on  them  a  more  particular  attention.  In 
arcier  to  connect  the  history  of  these  formations  in  the  southern 
and  midland  counties.  We  regret,  however,  that  we  can  do 
little  more  at  present  than  point  out  the  subject  for  future 
examination. 

The  green  sand  here  extends  throughout  the  vale  of  Pewsey ; 
and  its  lowest  beds  may  be  seen -in  the  canal  locks  near 
Devizes,  resting  on  the  Weald  clay.  The  iron  sand  may  be 
trM^ed  farther  to  the  west,  rising  on  the  banks  of  the  hills  of 
the  coral  rag  range  towards  Bowood. 

Proceeding  t.o  the  north-east,  under  the  northern  foot  of  the 
Marlborough  downs,  the  traces  of  these  formations  become 
much  obscured. 

Beneath  the  great  escarpment  of  the  chalky  range,  Is  a  sub- 
tsearpment,  or  lower  terrace,  occupied  by  beds  very  analaaous 
to  those  which  occur  in  the  chalk  marie  at  Merstham  and  at 
Selborne.  Beneath  this  sub-escarpment  may  be  traced  beds  of 
gieen'sand,  well  characterised  both  by  their  texture  and  fos- 
sils, but  unimportant  in  thickness  and  extent.  In  the  valley 
beneath,  where  we  should  naturally  look  for  the  course  of  the 
iran  sand,'  almost  every  thing  is  concealed  by  alluvial  debris, 
lad  a  few  insulated  pouits  of  this  formation  are  alone  visible. 

The  same  condition  of  things  extends  through  the  whole 
me  of  the  White  horse ;  but  the  traces  of  decided  green  sand 
UBDot  be  observed  much  farther  east  than  Wantage.  Here  the 
iifli-escarpment  of  the*,  indurated  chalk  marie  beds  assumes  a 
8>«ater  height  and  importance,  rising  on  the  banks  of  the 
"nHunes  opposite  Dorchester  into  two  conspicuoua  conical  hills, 
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one  of  which  it  crowned  by  the  entrenchmenti  of  m  Romin 
camp.  It  seems  not  improbable  that  the  green  sand  and  chalk 
marie  may  nm  together  in  those  hills^  and  pass  so  giadnally 
into  each  other  as  not  to  be  disthignisliable.  At  their  foot  liiii 
a  broad  argillaceoos  flat ;  bat  in  the  absence  of  more  decided 
evidence  of  the  presence  and  position  of  the  green  sand  for- 
mation,  it  most  remain  somewhat  donbtfnl  whetlier  this  tnd 
belongs  to  the  clay  of  Folkitone  or  tliat  of  tlie  Weald ;  al* 
though  from  its  relation  to  the  green  sand  of  Wantage,  wliieb, 
at  the  distance  of  about  six  miles  westward,  seems  to  be  piand 
above  the  sam^  clay,  we  are  inclined  to  identify  it  with  the 
latter. 

About  two  teiles  north  of  these  hi)ls,  the  iron  sand,  enrng* 
ing  from  beneath  the  argillaceons  strata  last  mentioned,  ei- 
hibits  itself  on  the  banks  of  the  Isis  in  the  low  cliff  which 
supports  the  small  church,  and  gives  name  to  the  village  d 
CUfton. 

The  same  inferior  terrace  of  indurated  chalk  marie,  which 
we  have  thus  traced  through  Berlcshire,  continues  to  range  be- 
neath the  chalk  hills  of  Oxfordshire,  between  one  and  two 
miles  in  advance  of  this  great  escarpment.  It  is  exteosifeij, 
quarried  for  building,  &c.  in  the  parish  of  Roak*  It  here  con- 
tains the  following  organic  remains* 

Turriiite. 

Scaphite. 

Ilamiies  plicabilis,  PI.  234,  Sowerby. 

Hamites  armatus,  PI.  168,  ditto. 

Pecien  Bcaveri,  PI.  158,  ditto. 

jimmoniies  TMSLns^  Pl.  176,  ditto. 

^7nmo/tt/0f  rostratus,  PI.  173,  ditto. 

It  contains  also  an  Echinus  and  some  other  fossils  of  the 
Folkstone  clay. 

The  traces  of  green  sand  have  not  yet  been  observed  through 
this  district,  and  perhaps  do  not  exist.  The  chalk  marie  seems 
to  repose  immediately  on  a  deep  blue  clay  which  forms  a  trtct 
about  two  miles  broad,  succeeded  by  the  iron  sand,  the  limiti 
of  which  in  this  and  the  adjacent  counties  have  been  alreidj 
sufficiently  traced  in  the  general  article  on  that  formation. 
•  Tetsworth  stands  on  the  above  clay ;  which,  from  the  ab- 
sence of  decided  traces  of  green  sand,  and  our  imperfect 
acquaintance  with  its  fossils,  we  are  not  able  to  identify  posi- 
tively, either  with  that  of  Folkstone  or  the  Weald.  Posiibl/ 
from  the  absence  of  the  intermediate  green  sand,  both  the^f 
formations  may  have  come  into  contact  and  be  confounded  to- 
gether in  one  general  clayey  tract. 


•Sect.  IX.    Midland  amnHei.  183 

The  -taitie  conititation  of  the  district  immediately  racceeding 
the  chalky  range,  maj  be  traced  through  the  other  midland 
^^mities  (finckinghamshire  and  Bedfordshire)  into  Cambridge- 
ahire,  bat  is  mach  coTered  and  concealed  bj  the  great  acca- 
malation  of  the  diluvial  debris  of  the  chalk  hills,  which  converts 
much  of  this  interral  into  a  vast  plain  of  flint  gravel. 

The  indurated  chalk  marie  is  extensively  quarried  at  Tot- 
temhoe  in  Bedfordshire  and  Reach  in  Cambridgeshire.  It  is 
there  known  by  the  name  of  clunek.  It  affords  by  burning  a 
^ood  lime.  Some  of  the  beds  resemble  those  of  Riegate,  and 
are  used  for  the  like  purpose,  as  a  firestone.  Reniform  masses 
of  radiated  pyrites  are  common,  and  one  singular  bed  is  full  of 
nmilar  masses  of  yellow  indurated  marie,  eatemally  of  a  green 
colour,  and  of  all  sizes  from  a  hazel  nut  to  an  ordinary  potatoe. 

This  clunch,  or  indurated  chalk  marie,  forms  the  Castle  hill 
at  Cambridge,  and  most  of  the  heights  in  that  neighbourhood. 
Its  line  of  junction  with  the  upper  chalk  is  said  to  range  by 
RoTSton,  Balsham,  and  Newmarket,  between  the  chalk  marie 
■and  the  iron  sand,  which  occurs  on  the  west  of  this  county. 
Near  Gamlingay  may  be  traced,  as  in  Oxfordshire,  a  broad 
argillaceous  tract,  the  clay  composing  which  is  locally  known 
by  the  name  of  gait. 

The  chalk  marie  which  reposes  on  this  bed  is  said  not  i»  be 
.separated  from  it  by  any  strongly  decided  demarcation,  but 
rather  to  pass  into  it  by  an  insensible  gradation.*  Some  beds 
of  green  sand  occur  near  the  junction,  and  others  at  the  bottom 
of  the  gait,  and  near  its  junction  with  the  iron  sand.  Its 
organic  remains  seem  rather  to  identify  the  gait  with  the  clay 
of  Folkstone,  than  with  that  of  the  Weald.  It  is  possible, 
however,  that  both  may  be  blended  together,  almost  without 
the  chance  of  discriminating  tjiem,  in  a  country  where  little  is 
to  he  seen  but  fen  and  marsh.    The  Isle  of  £)y  presents  a 

^  *  I  have  nrrer  been  able  to  obterve,  tays  ProfeMor  HaiktOBe,  any  strong 
ttne  of  separation  betwixt  the  clunch  and  the  succeedingstratum  of  gauit 
on  which  it  rests.  1  believe  they  pass  into  each  other.  The  lower  beos  of 
citmch  become  more  sandy,  and  gradually  assume  the  nature  of  an  argilla- 
ceous loam.  In  the  neit  obserrabk  stage  of  transition,  the  mass  assumes  a 
greenish-grey  colour,  and  a  plentiful  admixture  of  dark  green  sand  is  uni- 
formly dispersed  through  its  substance.  At  the  same  time  it  conuins  nu* 
«ieroot  irregular  dark  brown  nodulei  of  a  Cerruginous  indurated  marie. 
At  length  these  fordgn  matters  disappear,  the  mass  becomes  uniform,  and* 
ends  in  a  bluish  clay  or  argillaceous  marie  called  gault.  This  occurrence 
of  green  aand  in  the  confines  of  the  two  beds,  was  first  noticed  by  Mr. 
Warburton  at  the  brick-piu  near  the  Castle  hill,  from  which  he  inferred 
that  it  always  ukes  place  under  the  same  circumstances;  an  inference 
which  is  borne  out  by  the  testimony  of  the  most  experienced  brick-maken 
about  Cambridge.    (6.  T.  vol.  iii.  p.  849.) 
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hill^ick  of  Mnd  (perhaps  of  the  green  land)  restiog  vpon  a  ptrt 
of  the  gait. 

The  adjacent  parts  of  Norfolk  hare  never  heen  carefully 
examined.  The  beds  immediately  underlying  the  chalk  at 
Hunstanton  cliff  have  been  already  mentioned,  when  tracing 
the  coarse  of  the  chaliL  formation  in  that  quarter  (page  78.) 
They  remind  us  most  of  the  ferruginous  sands  immediately 
underlying  the  chalk  marie  near  Guildford  in  Surrey. 

In  Lincolnshire,  as  has  already  been  obserred,  the  lower 
beds  of  the  chalk  range  are  of  a  reddish  hue,  deriTed  from  the 
intermixture  of  iron*  Ought  these  to  be  referred  to  the  true 
chalk  or  rather  to  the  chalk  marie  ?  Beneath  these  the  follow- 
iog  strata  haTe  been  obsenred. 

«.  Quartzose  ferruginous  pebbly  sand  .  •  from  0  to  10  yards. 

ft.  Calcareous  clay,  containing  beds  and> li  to  14        - 

concretions  of  oolitic  Jimestone . .  ) 

c.  Granular  quartzose  sandstone  and^  considerably  thick- 
sand,  varying  from  dark  brownf  ^^    \^^  ^^^ 

to    light    grey,    and   containingr      .  ,    , 

shells )      '®™®'  "^^s- 

It  is  Tery  desirable  that  the  organic  remains  of  the  stratum 
o.  should  be  ascertained,  and  until  this  is  done  it  is  impossible 
to  identify  it  with  certainty ;  mean  while,  it  may  be  referred 
with  the  greatest  probability  to  the  green  sand. 

These  beds  rest  on  strata  of  argillaceous  shale,  which  hare 
been  pierced  to  the  depth  of  more  than  100  yards.  They 
appear  to  belong,  in  part  at  least,  to  the  Oxford  clay,  the 
intermediate  beds  being  here  deficient ;  but  it  is  impossilile  in 
the  present  state  of  our  information  to  hazard  more  than  a 
conjecture  on  the  subject. 

An  examination  of  the  foot  of  the  Yorkshire  Wolds,  and 
more  especially  of  the  coast  where  their  lower  strata  meet  the 
sea  on  the  north-west  of  Flamborough  head,  would  very  pro- 
bably clear  up  all  difficulties  on  this  subject,  and  enable  us  to 
institute  a  satisfactory  comparison  between  those  formations 
in  the  northern  and  southern  counties,  and  we  may  hope  that 
even  the  present  suggestion  may  contribute  to  further  this 
object. 


CHAPTER  III. 


OOLITIC  SERIES; 

Including  all  the  Straia  between  the  Iron  Sand  and 

Bed  Marie. 


Section  I.     General  view.* 

(a)  Of  these  formations  in  England.  We  now  enter  npon 
the  second  of  the  three  great  subdivisions  of  the  formations 
classed  bj  ns  under  the  Supermedial  Order ;  a  series  on  many 
^counts  highlj  interesting  and  important,  since  it  is  the  great 
repository  of  the  best  architectural  materials  which  the  Island 
produces, — and  since  the  history  and  relations  of  its  several 
members,  although  they  occur  extensively  on  the  continent, 
We  in  this  country  alone  been  fully  developed  and  illustrated. 

It  would  here  be  unjust  to  suppress  honorable  mention  of 
the  name  of  Mr.  Smith,  well  known  from  his  Geological  Map 
tnd  Sections.  It  is  his  great  and  r^al  merit  to  have  been  the 
int  person  who  clearly  ascertained  and  established  the  true 
firder,  position,  and  course  of  these  formations;  and  superseded 
fte  vague  and  general  denomination  of  secondary  or  shell  lime- 
itones,  by  introducing  the  determination  of  a  full,  precise,  and 
particular  knc^wledge. 

The  system  of  formations  occupying  the  Interval  of  which 
ve  have  aboTe  determined  the  limits,  may  be  generally  des- 
cHbed  as  consisting  of  a  series  of  oolitic  limestones,  of  calcareo- 
liliceous  sands  and  sandstones,  and  of  argillaceous  and  argillo- 
cikareous  beds,  alternating  together,  and  generally  repeated 
in  the  same  order ;  i.  e.  a  formation  consisting  of  many  beds  of 
^tic  limestone,  resting  upon  one  of  calcareo*siliceous  sand, 
and  that  again  upon  an  argillo-calcareons  formation. 

Neglecting  for  the  present  minor  subdivisions,  we  may  with 
Mkient  accuracy  represent  three  of  these  systems  as  compre- 
^n&ig  all  the  beds  which  intervene  between  the  iron  sand, 
fiHl  the  saliferous  or  new  red  sandstone.  Each  of  these  systems 
^  based  on  an  argillo-calcareous  formation  of  great  thickness, 
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which  always  constitutes  a  well  marked  line  of  d^in 
preventing  ihe  possibility  of  miiLiking  or  confounding 
gether;  (he  oolitic  rocks  of  each  aystem  geoerally  f 
dlttinct  range  of  bills,  Kporated  from  those  of  the  oUmi 
bj  a  btmd  mrgillaceoni  vftUej.  Hmu  wc  may  give  a  ■; 
ilew  of  the  whole  series,  as  dirided  iota  the  upper^ 
•ad  lower  oolitic  iTStems.  * 

Argillo-cakareous  Purb^ck  Sirs 
rating  the  iron  sand  and  ooliti 

OoUtie  Strata  of  Portland,  Tish 
Aylesbury. 

Calcnreoas  sand  and  concretions  ( 
hill  and  Thame.) 

Argillo-calcareous  fortiiation  of 
ridge  and  the  vale  of  Berks,  ft 
the  ooliles  of  this  and  the  next 
Oaklree  clay  of  Smith  (gcnen 

IOoUtH  Strata  associated  with  I 
rag  (Pisolite  of  Smith). 
Calcareoas  sand  and  grit. 
Great  Oxford  clay  (Clunch  clay  t 
separating  the  oolites  of  this 
next  system. 

'^umerons  OoStic  strata,  nccasioi 
'  divided  by  thin  argillaceous  I 
eluding  the  Combnish,  Fores 
Schittose  oolile  and  sand  of  S 
and  Uinton,  Great  oolite,  an< 

Calcarcw-siliceons  sand,  suppoi 
passing  iuto  the  inferior  oolits 

Great  a^illo-calcaieous  formatit 
and  Lias  marie,  coDStituting 
of  the  whole  series. 

re  than  once  already  alluded  to, 

e  of  tliE  word  formation  will  b« 


Z.  Lower  Oolitic 
»ys(em. 


The  difficulties  d 
precise  and  proper 


*  Id  Ihe  former  edirioni  of  ProfcMor  Buckhnd'i  STOoptical 
priaciplc  of  adhering  lo  ihe  gr*al  niiural  diviiion  of  tbeie  lyM 
principal  ■rgillaceoui  fonnalioiu,  wat  laciiGctd  to  the  counoie 
dividing  the  numeraui  bedi  of  the  lower  lyitem;  to  that  the 
(ytceiDi  are  here  clantd  toother,  and  llie  lower' divided  inio  n 
now,  however,  inclined  to  idmit  the  iiropcinly  of  einployin| 
natural  divitiou*  adopted  in  the  Icxt. 
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tUcM*     It  seems  Applicable  with  snficient  proptietj'  io 

Ate  the  distinctioa  between  these  three  oolitic  systems, 

.ted  as  they  are  by  vast  intenrening  argillaceoos  deposits ; 

ren  to  the  distinction  between  those  argil hiceous  deposits 

le  oolites  they  support — but  scarcely  so  to  the  minor  sub* 

ms  which  take  place  in  the  lower  oolitic  system.  And  we       < 

observe  generally,  that  all  the  systems  appear  to  have  y 

m1  from  the  gradual  and  successive  action,  through  a  long 

i,  of  similar  causes,  uidntermpted  by  zxij  violent  change 

cumstances.     Whence  these  causes  produceHjlit  oiie'tmie 

iceous,  at  a  second  arenaceous,  and  at  a  third  calcareous  ^ 

olitic  deposits ;  or  why  these  alternations  are  several  times 

ted,  are  questions  which  it  does  not  belong  to  the  present  ^ 

of  science  to  answer.  ^ 

:h  of  these  beds  is  characterised  by  its  peculiar  organic  ^ 

ns,  and  very  often  even  the  minutest  subdivisions  may  be  vj^ 

identified, — remains  of  many  extinct  genera  of  oviparous      I      ^ 

upeds,  allied  more  or  less  nearly  to  crocodiles  and  moni- 

but  apparently  inhabitants  of  salt  water  only, — various 

iral  fishes, — testacea  of  every  description, — corolloid.zoo- 

>s, — encrinites,  &c. 

ese  formations,  in  England,  occupy  a  zone  having  nearly 

'  miles  in  average  breadth,  extending  across  the  island 

Yorkshire  on  the  north-east, to  Dorsetshire  on  the  south- 

I  Foreign  loeaUiies,  The  British  Islands  present  no 
I  of  these  formations  beyond  the  limits  above  assigned, 
the  exception  of  the  lias,  which  occurs  in  Ireland  in  the 
J  of  Antrim,  near  the  south-east  border  of  the  basaltic 
et;  in  the  Isle  of  Sky,  and  some  other  of  the  Hebrides. 
France,  as  we  have  before  stated,  some  of  the  oolites  of 
leries  may  be  traced  in  the  denuded  tract  surrounding 
>gne,  particularly  at  Marquise ;  they  may  be  seen  also 
^ing  the  chalk  on  the  west  on  the  coast  of  Normandy, 
id  the  mouth  of. the  Seine,  and  between  that  point  and 
ransition  district  of  the  Cotentin. 

recent  examination  of  that  coast  by  Mr.  De  la  Beche,  who 
Indiy  communicated  to  us  the  general  results  of  his  obser- 
ns,  enables  us  to  add  to  the  notice  already  given  (see  the 
on  the  account  of  the  chalk  clififo  of  the  French  coast)  the 
ring  more  detailed  and  corrected  pardcuiars. 
ODg  the  mouth  of  the  Seme,  on  -both  sides,  the  chalk  and 
I  sand  repose  on  a  blue  marie  and  marle-stone.  Kt  Trou- 
sur  Mer,  the  oolites. of  the  upper  and  middle  formation, 
the  Portland  stone  and  Coral  rag,  emerge  from  beneath 
narle.   Gietween  Villers  sur  Mer  and  Dices,  the  cU>f  %^v^- 
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rating  the  second  and  third  system  (the  Oxford  daj)  fomi 
the  base  of  the  cliffs,  which  are  capped  hj  the  lower  beds  of 
the  coral  rag,  and  an  OTeriying  mass  of  green  sand.  Still  foN 
ther  west  by  St.  Comme,  Arromarche,  St.  Honorine,  yirrerilley 
and  Grandcamp,  the  cliffs  present  the  inferior  oolite  resting  si 
lias. 

Hence,  a  sone  of  these  formations  extends^  circling  wni 
the  chalky  and  arenaceous  border  of  the  basin  of  Paris,  bf 
Caen,  Alen^on,  Poitiers,  Bonrges,  Anxerre,  Bar  le  Due,  wai 
Mezieres,  the  oolites  stretching  beyond  all  these  places,  siic> 
ceeded  at  a  wider  distance  by  the  subjacent  lias  ;^  and  stil 
further  by  the  red  marie,  which,  with  a  few  occasional  intsr* 
ventions  of  coal-measures,  reposes  on  the  transition  and  prinu* 
tive  chains  of  Bietagne  and  la  Vendee  on  the  west ;  of  LimoiuiBf 
Auvergnc,  Forez,  Beaiijolais,  and  Moroan  on  the  south,  and  of 
the  Vosges  on  the  east. 

Within  the  interior  area  of  the  basin  of  Paris,  there  is  alsst 
small  denudation  exposing  the  oolites,  in  a  district  called  ths 
Pays  de  Bray,  a  little  north-west  of  Beanvais. 

The  extensive  chains  of  the  Jura  mountains  is  principsllj 
composed  of  lias  and  the  oolitic  series.  There  is  a  very  in* 
tercsting  description  of  the  part  of  this  chain  near  Lons  de 
Saulnier  by  Mr.  Charbant,  in  which  it  appears  that  its  base  u 
composed  of  red  and  variegated  marie  containing  gypson; 
that  on  this  reposes  an  extensive  formation  of  beds  of  gryphHt 
limestone  (lias),  alternating  with  marles  containing  fossiU  ex- 
actly similar  to  those  which  characterise  this  fonnation  fat 
£nglaiid  ;  that  these  are  covered  by  a  series  of  oolitic  beds,  the 
lowest  of  which  (like  our  inferior  oolite)  abounds  in  ferruginoui 
particles,  and  is  surmounted  by  a  fine  granular  oolite  and  free- 
stone, forming  the  escarpment  of  tlie  first  terrace  of  these  hills; 
and  lastly  that,  above  this  first  terrace,  are  others  each  pieseat- 
iug  an  oolitic  series  based  on  argillaceous  beds  which  separste 
it  from  that  beneath.  Nothing  can  possibly  present  closer 
analogies  to  the  arrangement  of  these  formations  in  our  owa 
island. 

Professor  Buckland  has  the  following  observations  m  the 
oolite  and  lias  of  the  Alps,  f  The  two  principal  varieties  ef 
the  oolite  or  jura  limestone,  are :  1.  A  compact  grey  marble; 
S.  A^granular  oolite ;  the  latter  occurs  abundantly  in  the  Tyrol, 
in  the  valley  of  the  Adige  below  Trent,  and  occasionally  id  the 
Salzburg  mountains ;  the  former  prevails  in  Switzerland,  and 

*  Mr.  Omaliut  ^'Halloy,  or  at  least  hit  translator  in  Thomson's  AniuK 
calU  all  these  formations  Li^,  including  the  oolites  under  that  jippelkuioQ* 
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fHierally  throagh  the  Alps ;  near  Aigle,  on  the  south-east  of 

Verejy  it  asBumes  the  character  of  red  compact  marble  similar 

"  io  that  of  Sahbarg ;  and  at  Roche,  in  the  same  neigboarhood, 

.it  b  full  of  organic  remains  resembling  (hose  of  the  English 

toral  rag ;  bat  from  the  compact  nature  of  the  matrix  in  which 

thejr  are  imbedded,  these  are  visible  only  on  the  surface  of  the 

weathered  blocks.    This  last  obserration  may  be  applied  also 

Is  a  large  proportion  of  the  younger  alpine  limestone  beds  in 

Hm  Tyrol  and  Salzburg,  in  which  the  organic  remains  are  for 

4iie  most  part  concealed  by  the  extreme  compactness  of  the 

toie;  but,  when  apparent,  are  referable  to  the  same  classes 

with  the  oolite  fossils  of  England.     Such  remains  are  distinctly 

visible  at  Nafels,  near  Glarus,  in  Switzerland,  and  at  Ualstad, 

iaSaliburg ;  where  also  the  limestone  becomes  partially  oolitic. 

The  lias  (like  all  the  other  formations  in  the  Alps)  is  desti- 

(nte  of  its  alternating  beds  of  clay,  but  maintains  its  position 

between  the  oolite  and  new  red  sandstone.     At  the  salt  mines 

tf  Bex,  it  reposes  immediately  on  the  upper  bed  of  saliferous 

aSTpsam,  where  it  is  a  dark-blue  compact  limestone,  and  con- 

l   Mas  ammonites,  nautilites,  terebratulites,  and  many  bivaWes 

Identical  with  those  of  the  lias  of  England.  

J  At  iialstad,  It  occupies  a  similar  position  between  the  oolite 
■  ,jad  red  marly  sandstone  that  covers  the  saliferous  limestone, 
"»LjttA  is  fall  of  ammonites,  belemnites,  and  other  lias  fossils.  At 
^  Jbefolden,  near  luspruck,  it  contains  fish  similar  to  those  wh*ch 
''  JU^T  in  the  English  lias  at  Lyme  Regis.  And  at  Mischelle, 
.  JMar  Trent,  it  may  be  seen  difiding  the  oolite  from  the  red 
Jpttrle  and  new  reel  sandstone. 

In  the  central  parts  of  Germany,  the  lias  stretches  from  the 
Kane  Alp  (a  continuation  of  the  Jura  chain)  through  Wurtem- 
Jboaig  to  Narcmbourg,  Gotha  Wnrtzbourg  and  Cobourg,  occu- 
^iag  the  greater  part  of  the  lower  country  between  the  moun- 
fita  of  the  Black  forest,  Bergstra^se,  and  Vosges  on  the  west, 
Md  the  Bohemer  Wald  and  Thuringer  Wald.  It  does  not  appear 
ttitt  any  decided  oolites  occur  in  this  tract,  but  its  details  have 
lerer  been  fully  examined.    In  the  north  of  Germany,  the  lias 
■ftj  be  traced  surrounding  the  Hartz,  and  stretching  on  the 
Jiektk  of  the  Erzgeberge,  reposing  on  the  red  marie ;  it  is  de- 
scribed by  Mr.  Freisleben  under  the  appellation  of  muschei 
:    itikHein.    Oolites  here  occur  associated  with  it,  bat  in  no 
^pMtr  quantity. 

la  Rossia,  the  liai  certainly  occurs  near  Moscow,  but  we 
^fn  no  distinct  particnlars  concerning  the  secondary  forma- 
^^  of  that  vast  country. 

The  tracts  of  these  formations  in  England,  France,  Germany, 
^d  Rossia,  may  be  considered  as  parts  of  a  contu\uo>aL%  s^t\«s 
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of  deposits  ocCitpyfiig  the  great  ceiitml  basin  of  Europe.  Th 
on  the  Italian  side  of  the  Alps,  although  necessarily  menUoM 
in  connection  with  that  chain,  belongs  to  a  dbtinct  and  still 
em  basip ;  of  which  a  great  part  of  ^p/tAn  also  probabl  j  fonis 
portion.  Much  of  the  limestone  of  that  ooantry  maj  peita) 
proTO  to  be  lias,  and  the  oolites  are  distinctl  j  described  I 
Mr.  Townshend  as  extending  round  Anchuela  del  Campo,  sbsi 
half  waj  between  Saragossa  and  Madrid. 

No  obsenrations  on  these  fonnatioos  beyond  the  linitf'i 
Europe  have  jet  been  published,  which  can  authorise  ii  i 
attemptiqg  to  identify  them. 

Section  IL 

Upper  division  of  the  Oolitic  series j  including  1.  Tk 
AreiUaceous  JLimestone  bedf  ofPurbeck;  8.  PortbtH 
Oolite;  Si  Kimmeridge  clatf. 

The  natural  and  geographical  relations  of  these  formafidi 
having  induced  us  to  refer  them  to  a  single  section,  we  dal 
pursue  the  following  order  in  describing  them. 

Each  formation  will  be  first  separately  treated  of  under  A 
the  usual  heads,  with  the  exception  of  those  assigned  to  mH 
and  extent,  height  of  hills,  and  inclination,  which  will  ^ 
postponed  to  a  general  article  placed  at  the  end  of  the  partici' 
lar  account  of  these  three  formations,  as  viewed  sepaFBtefjj 
since  in  all  these  respects  they  are  so  intimately  associated  t^ 
gether,  that  confusion  and  needless  repetition  would  be  pit* 
doced  by  any  other  mode  of  considering  them. 

As  the  particular  description  of  the  three  formations  wlB 
thus  form  paragraphs  in  the  same  section,  the  usual  letters  (4 
to  (0  will  be  employed  to  mark  those  defoted  to  the  Parbeck 
beds;  they  will  be  doubled  for  the  Portland  {ad)  to  (n),  ^ 
trebled  for  the  Kimmeridge  clay  {aaa)  to  (lu).     (C.) 

1.    PURBECK  BEDS. 

(a)  Chemical  and  external  characters.  The  Purbeck  bed^ 
which  occupy  the  highest  place  in  this  series,  consist  of  ni4 
thin  strata  of  argillaceous  limestone,  alternating  with  schiftflii 
marles,  and  forming  an  aggregate  more  than  300  feet  in  thick 
ness.     Mr.  Webster  thus  describes  them. 

The  Purbeck  stone  consists  chiefly  of  shells  (principally  ^ 
Helix  vivipara),  partly  whole,  and  partly  in  a  state  of  con*^ 
nution,  imbedded  in  a  calcareous  cement,  which  is  sometiioc' 
tery  pure  and  crystallized^  and  sometimes  in  a  state  approach* 
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to  an  iodarated  marie.  These  beds  are  separated  bjothers^ 
irel  J  without  shells ;  and  also  bj  layers  of  shale  and  marie, 
t  shivery  nature  of  which  allows  the  stone  to  be  quarried 
tfa  much  ease.    It  is  thus  obtained  of  various  degrees  of 
ickness,  according  to  that  of  the  bed,  and  the  whole  hill- 
BsistB  of  many  alternations  of  these  strata.*     (W.  172.) 
The  stone,  well  known  by  the  name  of  Purbeck  marble^ 
d  which  was  formerly  much  used  in  our  gothic  churches 
r  colunms  and  monuments,   was  nearly  the  uppermost  of 
ese  beds ;  and  differs  from  the  conmion  Purbeck  stone,  only 
the  purity  of  the  calcareous  matter,  and  in  the  shells  being 
)re  entire.     It  agrees  exactly,  or  very  nearly  so,  with-  the 
stworth  marble ;  but  is  now  out  of  use,  and  the  quarries  are 
led  up,  and  scarcely  known.     (W.  172.) 

J 6)  Mineral  contents^  The  only  mineral  contents  of  these 
s  appears  to  be  the  pyrites  occurring  in  the  marie,  and  the 
ptnm  consequent  to  its  decomposition.  Gypsum,  both  stri- 
n1  and  amorphous,  in  a  bed  of  brownish  or  reddish  clay,  is 
H'ked  in  Darlestone  bay  on  the  coast  of  the  Isle  of  Purbeck  : 
geological  position  is  between  the  Portland  and  Purbeck 
£.  (Mr.  Webster,  G.  Notes.)  In  the  interstices  of  the 
aettone  the  strata  about  Peverel  point,  which  forms  the 
Vthem  extremity  of  Durlestone  bay,  are  found  crystals  of 
icwte  in  fibroas  marie  :  the  surface  of  this  marie  is  covered 
th  farinaceous  gypsam,  which  also  appears  in  an  indurated 
ite,  forming  alternate  strata  with  limestone.,  Pyrites  abounds 

*  Tlie  following  Section  of  the  Pmrhtek  strata  are  by  Mr.  Middleton, 
btthly  Mag.  Dec.  1812,  p.  895.) 

1*  Variout  beds  of  stone  brash,  black  shiver,  and  compact  rock^  ' 
in  alternate  layers.  I'hese  are  supposed  to  rise  and  form 
the  surface  near  Handcross,  and  in  "a  line  east  and  west  of 
that  place  in  Sussex,  and  also  from  Swanag^  to  Durlstone 
bay,  lo  Dorsetshire;  at  the  latter  place,  I  had  a  full  view 
of  them  in  the  diflfs,  and  estimated  the  thickness  of  them  at    80  feet 

^  Leaning  vein,  a  bed  of  very  peti6trable  stone,  abounding  with 
small  shells,  raised  and  shipped  at  Swanage  and  Durlstone 
hay,  to  London,  for  flag  pavement 7 

^  Stone  not  esteemed  of  any  value,  and  black  shiver  in  many 

beds 60 

S  fnettoHfy  raised  and  shipped  at  Swanage  and  Dprhtone  bay, 

for  London,  in  Purbeck  squares 5 

i  Various  beds  of  stone,  in  low  estimation,  and  black  shiver. .     $0 
i  Niw  «w&v,  a  bed  of  g«x>d  and  free  working  stone,  raised  and 

shipped  at  Durlstone  liay  for  Ix>ndon  5 

Am  the  stnua  rise  toward  Tillywhim  quarry,  we  there 

meet  with 
^  Many  beds  of  stone  in  low  estimation,  and  black  shiver  lying 

ao^  the  Nrw  «m«.  These  the  quarry  men  call  Rag-stone, 

and  they  are  in  thickacM  about  .«»..•••*•• VVX> 

y2 
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in  the  Utter,  and  hence  the  sulphuric  add  toncettied  In  tl 
formation  of  the  seleDlte  and  gjpsam  aeems  to  be  obtm 
(Maton.  6.  Notes.) 

(c)  Organic  remains.  Beautiful  Impressiotts  of  fish  n 
freqnentl J  met  with  by  the  quarry  meti  between  the  lamune 
the  limestone,  and  abundance  of  fragments  of  bones,  some  • 
which  belong  to  the  turtle.  Complete  fossil  turtles  haie  al 
been  found,  and  one  extremely  perfect.    (W.  p.  163.) 

Mr.  Johnson  of  Bristol*  possesses  a  very  perfect  head  of 
crocodile  found  in  Purbeck  ;  but  the  character  of  the  matrix 
not  quite  decislTe,  as  to  whether  it  belongs  to  these  or  tl 
Porthmd  beds. 

The  shells  of  this  forioiation  ha? e  not  been  accurately  « 
amined ;  the  most  common  is  a  small  and  elegant  speciei  < 
ViTipara,  supposed  to  be  a  freshwater  shell,  but  the  sabje 
requires  further  investigation. 

(d)  Range  and  extent,  (e)  Height  of  hiih.  These  sobjed 
will,  for  the  reasons  primarily  stated,  be  treated  of  in  a  con 
mon  article  with  reference  to  these  "beds — those  of  Portlu 
and  the  subjacent  Kimmeridge  clay. 

(f)  Thickness.  According  to  the  measurements  of  Mi 
Middleton  (the  only  ones  published),  as  given  in  the  note  ( 
(d),  the  thickness  of  these  beds  in  Purbeck  is  291  feet;  tb 
higher  numbers  that  have  been  sometimes  given,  arise  froi 

.  taking  the  Portland  beds  into  the  account. 

(g)  Inclination.  The  inclination  of  the  strata  of  the  thrr 
associated  formations,  will  be  most  conveniently  treated  o 
together  in  the  article  at  the  end  of  this  section. 

(h)     Agricultural  character.     A  marly  clay, 
(i)     Water.    A  retentive  stratum  ;  the  wells  must  be  bqoI 
through  it  to  the  bottom  of  the  Portland  beds. 


2.    PORTLAND  OOLITE. 

{aa)  Chemical  and  external  characters.  This  fonnatie 
consists  of  several  beds  of  a  coarse  earthy  limestone.  The  dil 
fetent  beds  often  vary  in  their  characters,  nor  are  the  saai 
beds  of  an  uniform  texture  in  different  localities.  The  cal 
careous  rocks,  through  all  the  three  divisions  of  the  oolii 
series  (where  they  do  not,  as  in  the  case  of  the  Purbeck  be( 
and  lias,  assume  new  features  from  the  admixture  of  argil)  ai 
not  easily  to  be  distuiguished  (excepting  by  the  aid  of  tbe 
organic  remains)  from  one  another,  though  very  readilj  di: 

*  The  remainder  of  thU  article  \%  by  the  Re t.  W.  D.  Cooybeare. 
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tingnishable  from  those  of  other  formations.  The  character  of 
jellowi&h  white  calcareous  freestone,  generally  mixed  with  a 
small  quantity  of  siliceous  sand,  being  common  to  all  their 
varieties,  and  nearly  all  of  them  becoming  occasionally  oolitic. 

The  varieties  to  be  observed  in  the  Upper  series,  or  that  of 
Ayiesbury  and  Portland,  are,  a  fine  grained  white  oolite,  a 
loose  granular  limestone  of  earthy  aspect  and  of  yarious  shades 
of  yellowish  grey ;  and  more  rarely  a  compact  cretaceous  lime- 
stone having  a  conchoidal  fracture.  In  Wiltshire  and  Dorset- 
ihire,  many  of  the  beds  contain  layers  of  chert  alternating 
with  them  like  the  flints  in  the  chalk  formation  j  the  lower 
beds  are  very  sandy,  aud  often  very  abundant  in  green  particles 
resembling  those  of  the  green  sand.  Nodular  concretions  of 
calcareo-siliceous  grit  occur  in  the  sandy  beds  in  Oxfordshire. 
(C.) 

The  more  oolitic  varieties  (principally  quarried  in  the  Isles 
of  Purbeck  and  Portland)  afford  the  great  part  of  the  stone 
ipsed  for  architectural  purposes  in  the  vicinity -of  London. 

Mr.  Webster  gives  the  following  account  of  the  Portland 
quarries.  The  uppermost  beds  of  the  isle  of  Portland  consist 
of  an  oolitic  rock,  and  they  are  numerous.  That  which  appears 
on  the  summit,  and  is  called  the  Cap,  is  of  a  yellowish  colcur, 
and  porcellanous  character;  it  is  only  burnt  for  lime.  The 
sext  bed  is  worked  for  sale,  being  the  best  building  stone. 
Those  below  this  bed  contain  numerous  casts  of  shells  that 
injure  the  stone,  which  is  only  used  for  coarser  purposes ;  and 
with  these  beds  alternate  others  consisting  of  chert.  (W. 
p.  197.)* 

*  A  more  detailed  account  of  the  several  quarries  in  the  Isle  of  Portland 
Quy  be  seen  in  the  Monthly  Magazine  for  Jan.  181S,  p.  48ly  whence  the 
two  following  Sections  are  copied. 

Siction  of  Waif  croft  ami  other  QfiarrUs  on  ike  Eatt  ild*  of  PortUikl, 

fteU 

1.  Ve^retable  mould,  leas  than 1 

2.  Stotu  brash^  a  cream-coloured  limestone 3 

3.  Parting  of  ditto  and  black-blue  clay 1 

4.  Ca/i,  a  cream-coloured  stone  in  three  layers,  with  partings  of 

clay,  and  so  hard  as  to  turn  the  steel  points  of  chisels  and 
picK-axes 10 

5.  Tne  White  bed^  or  the  highest  layer  of  marketable  stone ;  two 

feet  off  the  top  of  this  stratum  is  egg-shaped 5 

Partiney  abounding  with  grey  flint,  of  no  use 3 

6.  The  Middle  bed  of  marketable  stone,  containing  few  marine 

impressions,  and  occasionally  either  in  one  or  two  beds*. . .       5 
Parting  stone,  containing  many  shells,  of  no  value 8 

7.  The  third  bed  with  few  or  no  shells ;  this  is  the  best  stone,  and 

1%  Taries  in  thickness  in  the  sereral  quarries  from  ....  7  to  14 
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{hb)  Mmend  conUnii.  The  Mb  at  Porttaii4  and  Tisbir 
coatein  beautiful  yellow  sulphate  of  harytes  (sugar  candy  stooe 
and  crystallized  calcareous  spar.     (G.  Notes.) 

Id  the  ntxt  quarry,  the  third  bed  (7)  it  in  two  layert ;  the  lower  of  tki 
ii  free  from  ihelUy  except  about  one  foot  of  iu  top,  and  the  upper  on 
contains  yery  few  thellt. 

We  Tidteo  four  otlier  quarriet  on  this  tide  of  the  itland ;  but  at  they  di 
not  difier  materially  from  the  atx>ve,  it  would  be  improper  to  repeit  ar 
obiervBttoot. 

Under  the  foregoioe  marketable  stone,  many  layers  of  flint  and  uoier 
viceable  stone,  to  the  depth  »f  about  50  feet. 

On  the  east  side  of  Portland,  the  whole  thickness  of  the  stony  ftrata,  i 
about  9S  leet,  and  beneath  that  is  black  blue  shiver  of  great  thickneaf. 

SuHmf/QuarrmmiktWtttiidf/FmilmtL 

In  the  first  quarry  we  yititcd,  I  found  the  vegetable  mould,  the  iton 
brash,  and  die  beds  of  hard  stooe  cap,  similar  to  what  they  are  on  iIm 
cast  .suie  of  the  island.  But  in  this  place  tht  marketable  stone  is  about  1  Ij 
feet' thick,  in  one  bed ;  whereof  about  8}  feet  of  the  top  is  e^-shaped. 

In  the  adjoining  quarry  immediately  under  the  Cap  (4)  is  Roach  (a  inai 
of  fragments  of  oyster  shells  compre^aed  and  cemented  in  a  very  bare 
stone)  six  feet  thick,  upon  a  bed  of  the  best  saleable  stone  nine  feet  thick. 

I'hc  third  quarry  is  similar  to  the  two  former,  down  to  the  Roach,  whid 
in  this  case  is  five  feet  thick,  and  united  to  the  best  stone  without  aoj 
parting.  In  this  quarry  the  Roach  was  cut  into  blocks  and  sent  to  Milf 
bank,  Westminster,  for  building  the  abutment  of  Vauxhall  bridge.  Ao^ 
many  others  of  these  blocks  were  prepared  for  the  same  purpose,  but  the} 
remain  in  the  quarry  at  this  time.    (Aug  1812.) 

In  the  fourth  quarry  the  Roach  is  m  the  same  state  as  in  the  third  quarry: 
but  reduced  to  three  ieet  thick,  and  at  this  place  the  best  stone  is  1 1  feet. 

feet. 
In  Gosling's  quarry,  the  stone  brash  and  two  beds  of  the  Cap, 

are  increased  in  thickness  to 90 

Jitatk  in  one  bed  4  feet,  and  two  other  feet  of  it  are  united 

to  the  top  of  the  IVkiu  Mj  together 6 

5.  IVfute  htd,  a  marketable  stcmc,  exclusive  of  the  two  feet  of 

Roach  which  are  united  to  it 8 

Many  layers  of  flint  and  stony  rubbish,  including  one  bed  of 
a  white  tender  stone,  which  is  not  fit  for  ereat  eiposure  . .     6 

6.  Two  other  beds  of  Roach  in  the  place  of  the  middle  bed  of 

saleable  stone 6 

7.  The  Thifdked  (7)  of  saleable  stone,  contrary  to  the  usual  order, 

is  not  near  such  good  stone  as  the  White  bed  (5)  in  this 

quarry 6 

The  above  marketable  and  other  stoAe  lies  upon  many  layers 
of  flints,  and  beds  of  unserviceable  stone  to  the  aeptn  of 
about 55  or  60 

The  whole  of  the  stony  strata  in  this  place  is  about    1 1^ 

And  unoer  that  is  black  blue  shiver  several  hundred  feet  thick,  whereof 
there  are  about  100  feet  above  the  level  of  the  sea. 

MiddfctoD,  Mo.  Mag.  Jan.  1813,  p. 4Sh 
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{cc)    Orgmdt  remaini*  •     (The  references  to  figures  where 
lot  otherwise  specified,  are  to  Sowerbj's  Mineral  conchologjr.) 

•  By  the  Rev.  W.  D.  Conybeare. 


A  section  of  a  more  detcriptiye  character,  drawn  up  by  Miss  Bennett 
from  the  quarriet  excavated  in  this  formation  at  Chicksgrove,  in  the  vale  of 
Tisbury,  Wilts,  is  printed  in  Sowerby's  Mineral  Conchology,  vol  2.  p  58; 
we  here  subjoin  it,  presuming  that  tne  beds  here  called  chalk  are  die  cre- 
taceous limestones  mentioned  in  the  text. 

A  SttttM  of  Ckicksgr9vt  Qyarry^   South  of  the  village  and  of  ikt  river ,  in  the 

futrisk  of  Tiihury^  in  IViUskin, 

1.  Top  of  quarry.  Rubble,  fourteen  feet.  No  shells  in  thu  bed.  (Impure 

chalk.) 
1  Stone  not  good,  two  feet.    The  lower  part  of  this  bed  contains  the 

same  shells  as  the  chalk  below  it. 
S.  Chalk,  two  feet.  Trigonias  three  spcdes;  Peq^ens  like  those  of  Thame, 

Oxfordshire;  Ostrea  several  species;   a  thick  equivalve;  bivalve 

which  \i  common  in  the  rubble  beds  of  freestone ;  a  small  bivalve, 

perhaps  Unio ;  two  other  small  bivalves,  and  a  Trochus  like  those 

of  the  flinty  chalk.    (Hard  chalk.) 
i>  Flint,  four  inches.    (Approaching  chert. ) 

<.  Chalk,  eleven  feet.    A  nibblv  chalk  without  shells.    (Hard  chalk.) 
€.  Spangle  bed,  five  feet  six  inches.    Contftins  Ammonites,  Oysters,  and 

various  other  shells  changed  into  the  spar.    ( Limestone  containing 

some  white,  but  no  green  sand.) 
?•  Walling  Rag,  two  feet  six  inches.    Fragments  of  shells  changed  into 

spar.    (Like  No.  6,  only  coarser  and  harder.) 
t*  Devil's  bea,  two  feet.    Fragments  of  shells  changed  into  spar,  smaller 

sheUs  than  the  WAlline  Rag.    (Like  No.  6.) 
9*  Great  Rag,  three  feet.    No  shells,  or  only  small  fragments.    (A  com* 

pact  sandy  limestone,  with  minute  grains  of  gt'een  sand.) 
iO.  Brown  bed,  three  feet.    Contains  Ammonites.    (Lets  compact  than 

the  last,  with  more  green  sand,  some  parts  of  a  loose  texture.) 
il>  Trough  stone,  three  feet  four  inches.    Trigonias,  the  shell  changed  in- 
to spar,  and  Ammonites.    (Similar  to  some  parts  of  the  b^t.) 
It  White  bed,  two  feet  eight  inches.    Contains  Ammonites.    (Between 

ID  and  IS) 
Is.  Hard  bed,  three  feet  six  inches.  Trigonias,  the  shell  chanMd  into  spar, 

and  Ammonites.    This  bed  is  very  like  No.  1 1.    (Rather  less  green 

sand  than  Na  10.) 
K  Fretting  stone,  two  feet.    A  soft  stone  and  no  shells.    (A  loose  tandy 

limestone  with  green  sand  ) 
^^  Under  bed,  two  feet.    Fragments  of  shells  changed  into  spar.    (More 

compact  and  finer  grained  than  the  last,  and  holding  tees  green 

sand.) 
16.  Under  bed,  two  feet  six  inches.    Contains  Trigonias,  the  cast  of  the 

outside  of  the  shell  a  soft  stone.    (Like  the  last,  except  that  it  con* 

tains  no  spar.)  ' 

The  whole  depth  of  Chicksgrove  Quarry  to  the  bottom  of  the  stone  is 
^1  feet  four  inches,  measured  by  John  Montague,  foreman  of  the  quarry, 
llie  scales  of  fish,  erroneously  supi>osed  to  have  been  found  in  Uv\s 
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Vie  believe  that  remains  of  fith  are  occasionallj'  met  nilli 
Ihia  formatioD  as  well  as  in  the  pretediiig. 

The  sheila  which  occur  art  principally  the  fallowiDg  : 
Chamskbkd  Umitaltb*. 

Ammonitei  triplicatas,  T.  9t,  fig.  3. 
gifianteus.     T.  130. 
Umberti.     T.iiA.     - 
NutfieUieniii.     T.  lOT. 
Uhitalth  hot  chambebed. 

TurrUeUa;  Smith,  Bg.  «. 
HaUca;  Smith,  fig.  I. 
iSoforJun*  CoDoideum.     7-11.  no. 
T.oekut. 
■     Ottrem  eipuM.     T.  338. 

Cnnatula;  Parkinson,  plAte  19.  fig.  6. 
Peeten  UnTellonu.     T.  339. 
Trigonia  clavelUta,     T.  87.  b. 
gibboaa.     T.  335.  838. 
Aitarle  cuneata.     T.  137,  fig.  3. 
iMiraria  ovalis.     7*.  336. 
JV^ntia  sinaosa.     T.  317,  fig.  3. 

Cj/clat;  Smith,  fig.  3. 
yenuti  Smith,  fig.  5. 
or  these  iihells,  the  Amnionites  triplicatus  and  Pectei 
mpllosus  are  moat  characteristic.  In  the  aectioa  of  Chickif 
qnarry  (see  page  175),  other  particulars  concerning  the  s 
of  this  formation  will  be  found. 

No  other  Zoophjtal  rrmams  are  mentioned  than  thote 
beautiful  aggregated  madrepore,  specimens  of  which,  imb^ 
■  ill  a  semitranaparent  chert,  occur  at  Tisbury  in  Wilts. 
Ijirge  fragments  of  wood  are  common. 

quirry,  w«e  from  >  iil«.itone  qiHrrj  on  Lad^-Dowo,  in  ihe  p*i 

Titburj-,  «nd  about  one  mile  non  li-weM  f mm  Chickij^ve  quirry. 
'    The  aboTc  irc  the  nminn  by  wtuch  tb«  diSercnl  bedt  arc  knawal 
people  irho  work  the  quariy. 

MiMt  of  ihc  >tone  routiini  rilcircouii  ipar,  in  ihe  place  of  the  fng 
ofihciladiipenei)  tbroDgh  it,  but  No.  14  anil  16  are  wiihnut  ii;  iha 
gte  bed  coDtaini  niMI.  The  rare  uracum  called  bj  geolOgiut '  Whiii 
stone,'  and  here  called  chalk,  but  from  which  it  diOrn  in  il>  litii 
occuri  alio  at  Brill  in  BuckiujrliaDKhire,  and  at  Upway  in  Donel^ir 

The  uctioQ)  presenlrd  ^t  Brill  hill  in  Buckbgham^re  Clhibil 
markabic  coiacidence  widi  ihc  above. 
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(dd)  Range  and  extent'-  (ee)  Height  of  hdU.  Referred 
>  the  general  article  at  the.  end  of,  this  section. 

(Jf)  Thickness,  According  to  Mr.  Middleton's  measure- 
lents,  these  beds,  in  the  Isle  of  Purbeck,  exhibit  altogether 
thickness  of  about  120  feet.;  and  this  appears  the  estimate  on 
'htch  the  greatest  reliance  may  be  placed. 

(gg)  Inclination.  Referred  to  the  general  article  at  the 
nd  of  this  section. 

{hh)    AgricuUural  character.     A  poor  stone-brash  soil. 

(n)  Water*  The  water  issues  abundantly  from  the  bottom 
f  this  rock,  where  it  is  thrown  out  by  the  subjacent  Kimr 
i%ridge  clay. 


3.    KIMMERIDGE  CLAY. 

{aaa)  Chemical  and  external  characters.  These  beds  coA- 
ist  of  a  blue  slaty  or  greyish  yellow  clay  (the  Oaktree  clay  of 
tnith,)  containing  selenite  ;  but  it  sometimes  contains  beds  of 
ighly  bituminous  shale,  as  near  Kimmendge  on  the  coast 
f  the  Isle  of  Purbeck,  where  these  are  used  as  fuel,  whence, 
hey  have  obtained  the  name  of  Kimmendge  coal ;  and  hence 
he  name  of  Rimmeridge  clay  a{  applied  to  the  whole  formation., 
^e  beds  are  most  instructively  displayed  (G.  Map)  near  that 
*hce.  They  are  also  finely  exposed  (6.  Notes)  on  the  coast 
f  the  Isle  of  Portland. 

On  the  east  of  little  Kimmeridge,  where  the  cliffs  are  ab- 
Upt,  they  are  composed  of  a  slate-clay  of  a  greyish  yellow, 
obnr,  finely  slaty,  containing  both  animal  and  vegetable  im- 
^resuons.  'rhe  plates  of  which  the  rock  is  composed,  become 
Bnch  more  evident  after  it  has  undergone  some  decay ;  or, 
then  sound,  after  it  has  been  exposed  to  the  fire.  It  divides 
pontaneoosly  into  large  tabular  masses.  The  fracture  of  the 
ock  is  earthy,  with  many  small  specks  and  nodules  of  indu- 
ated  clay.  The  outside  of  the  rock  is  covered  by  a. thin  layer 
^f  calcareous  spar.  The  mass  effervesces  with  acids,  but  the 
KNiales  of  indurated  clay  do  not.  This  rock  passes  gradually 
Qto  a  bituminous  shale ;  but  the  first  tranfition  is  into  a  slate- 
•lay  of  a  lighter  or  dSirker  colour,  the  jiMuts  of  which  are. 
^ered  wiu  iron  pyrites.  It  bums  with  a  yellowish  flame, 
giving  out  a  sulphureous  smell,  and  becomes  afterwards  of  a 
ight  grey  colour.  The  second  transition  is  to  a  bitumincms 
htle  called  Stony  Coal  IKimmeridge  Coaf]  the  specific 


*  Near  Smedmore  in  the  parish  of  Great  Kimmeridgey  u  ftrand  wbai  the 
timufj-people  call  *  C§almmuf^  generally  on  the  top  of  the  difii,  two  or 
liree  le^t  below  the  vurfice,  enoloaed  bat  ween  two  «lone«  %«l  tA^j^v*T\ 
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gnUtj  of  which  if  r.'S19.  Its  colovr  Is  dufc  browtt  wtttnVf 
any  luBtre :  it  efferretces  lUghtly  with  adds,  oontsins  tto  iitMf 
pyrites^  and  bonis  leadiiy  with  a  ydlowish  ratfa«r  smoky  sad 
heavT  flame.  The  smell  is  bitamlaoiis  tat  not  snlphurvoos. 
The  kimmeridge  coal,  however,  rests  npnn,  and  Is  covered  bj, 
the  slate-cUj  first  described.    (6.  T.  vol.  1.  p.  163.)    ' 

Several  nseless  attempts  have  been  made  for'coal,  by  sinking 
into  the  stratum,  as  at  Sunning  Well  near  Oxford ;  on  the  edge 
of  Bagley  wood  near  Farringdon  in  Berkshire :  near  Whitiag*! 
farm,  between  Shaftestary  and  Haijgrove  in  Dorsetshire  diey 
sunk  by  subscription  upwards  of  100  feet  In  search  of  cotf 
through  shale  and  clay.    (6.  Notes.) 

It  has  sometimes  been  erroneously  supposed  that  these  bedf 
were  the  same  with  the  aiuminoos  shale  of  Whitby  in  Tork« 
shire  (6.  Notes),  which  belong  to  the  lias  beds. 

(bbb)  Mineral  conienii.  These  beds  furnish  the  selenites 
of  Oxfordshire,  which  are  daily  formed  by  the  action  of  de- 
composing pyrites  upon  the  oyster  shells  and  other  fossils  con- 
tained in  them.     (G.  Notes.) 

Alum  was  formerly  manufactured  in*  the  parish  of  Kioi* 
iperidge.     (Wilson's  Mountains.  6.  Notes.) 

(ccc)  Or  game  remmmJ*  The  most  interesting  remains  con- 
tained in  this  stratum  are  doabtless  those  of  the  extinct  genera 
allied  to  the  order  Lacerta,  but  evidently  calculated  for  a 
marine  abode ;  the  vertebrs,  paddles,  &c.  of  a  species  of 
Icthyosaurus  differing  from  those  in  the  lias;  the  vertebra^ 
phalanges,  and  head  of  another  Saunan  animal,  perhaps  s 
variety  of  Plesiosaurus,  have  been  found  at  Kimmeridge  ui 
Ileadington  ;  bones,  apparently  of  Cetacea,  likewise  occur. 

The  shells  are  given  according  to  Smith  and  Sowerby. 

CUAMBEREO  UmIVALVES. 

Nautilus. 

Ammonites^  five  species ;  Smith,  fig.  7. 

Belemnitci. 

aad  covered  with  a  third,  together  with  the  bonet  of  tome  aoinuL  TUf 
are  from  two  to  three  and  a  half  inches  in  diameter,  and  a  quarter  of  tf 
iach  thick,  round,  on  one  tide  flat  and  plain,  on  the  other  conyei  with 
mouldings.  On  the  fliat  side  are  two,  sometimes  four,  small  round  holoi 
pohaps  the  centre  holes  by  which  they  were  fixed  to  the  tumiog-pr«>: 
they  arc  supposed  to  have  been  either  amulets  or  money*  In  supooit  (^ 
the  latter  opinion,  it  may  be  observed,  that  *  down  with  your  coal ,  is  '^ 
some  counties  a  cant  expression  for  pay  yourmoney.  (G.  Notes.)  Tbcre 
has  also  been  found  in  the  neighbourhood  a  shallow  bowl  of  Riimneri4r 
coal,  six  inches  high  and  as  many  in  diameter,  containing  coal-monej' 
(Hutchiogt  Hist.  Dorset.  G.  Notes.) 

*  The  remainder  of  this  article  is  by  the  Rev.  \V.  D.  Cooybesre. 
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N1T1LTE8  NOT  CHAMBERED. 

Trochus ;  Smith,  iig.  3. 

T\irbo ;  Smith,  fig.  % 

Meiania  Headingtomensis.     T.  30.. 

IVALYE8. 

OHrea  deltoidea.     T.  148. 

crista  galli,  and  three  other  species. 
Astarie  lineata.     T.  170. 

oTata;  Smith. 
Trigania  costata.     T. 

claTellata.     T. 
Venms ;  Smith,  fig.  8. 
Modhla. 
Cardiitu 
Cardhtm. 
Mantra. 
TeWna. 

Ckama^  two  species ;  Smith,  fig.  2. 
Avicula,  ^ 

Pecien. 
Terebratuld;  Smith,  fig.  0. 


Serpulw, 

i  these  shells,  the  Ostrea  deltoidea  appears  to  be  the  most 
acteristic. 

\dd)  Range  and  extent    (eee)  Height  o/hills.    Referred 

le  general  article  at  the  end. 

y^O     Thickness.     Mr.  Middleton  assigns  upwards  of  700 

as  the  thickness  of  this  formation  in  the  Isle  of  Pnrbeck, 

this  seems  excessive.     Mr.  Bnckland,  in  his  ^  Order  of 

^rposition',  gives  only  600.     Near  Oxford,  where  the  beds 

off,  the  thickness  cannot  exceed  100  feet.     In  the  pit  at 

lingwell,  on  the  nor^h  edge  of  Bagley  wood,  it  was  only 

pet. 

'gg)     Inclination.    Referred  to  the  general  article. 

!hk)     Agricultural  character.    A  tenaceous  clay  often  co* 

d  with  oak  woods ;  whence,  in  IViltshire,  this  formation 

>een  called  the  Oaktree  clay. 

fO     Water.    <  The  water,'  says  Mr.  Smith,  « in  this  for- 

on^  is  deficient  and  of  bad  quality^;  in  fact,  from  its 

itive  natmre,  it  most  generally  be  pierced  before  any 

>a8  supply  can  be  found. 


zS 
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General  account  of  Range  and  Extent^  Htighi  ofHittt 
and  Inclination  of  Strata  of  the  Purbeek  BA,  Portland 
Bedsy  and  Kimmeridge  Clay.  * 

(d)    Range  and  extent  of  the  tkree  JhrmttHtm  above  ife- 
scribed.    None  of  these  formetioiis  luif>e  at  yet  been  obwrfcd 
to  the  north  of  Bockuighamshire,  where  tfaie  Pdlrtiand  beds  j 
first  make  their  appearance  uaderljing  the  iron  saad^  (whoM 
coarse  throogh  that  county  has  been  traced  in  a  precedisg 
article,)  and  forming  a  consCitaeat  part  of  the  same  chaii  sf 
hills.    It  may  thus  be  traced  from  a  mile  nortkof  Stokeky,  t 
village  about  five  miles  on  the  west  of  Leighton  Bsnard,  Bed»  i 
fordshire,  to  the  hills  between  Winslow  and  Ayletbaryy  aid 
dipping  thence  to  the  south,  it  underlies  a  great  part  of  the  j 
▼ale  of  Aylesbury.    Further  west,  on  the  boraenr  ef  0»m  aid  ; 
Bucks,  it  rises  from  Thame,  and  culminates  on  Ae  insubted  I 
group  of  Brill  hills,  where  it  has  only  a  very  ^n  covering  af 
,  iron  sand.     The  section  here  displayed  corresponds  very  pre- 
cisely with  that  of  Chicksgrove  as  given  in  the  note  to  page  173. 
The  quantity  of  green  earth  in  the  lowest  sandy  strata  is  here 
very  remarkable.  Pursuing  the  same  direction  through  Oxford- 
shire, to  the  south-west,  it  may  bft  traced  tfaroogh  the  paridwi 
of  Milton  and  Hazely  on  the  south-east  of  the  Thame;  sad 
rising  thence  to  the  north-west,  culminates  in  Shotover,  '€i^ 
cling  round  the  more  elevated  ridge  of  tliat  hill,  immediate 
beneath  the  iron  sand  and  ochre  which  form  its  summit :  it  b 
^lere  however  quarried  in  the  village  of  Garsington  only.    It 
.  exhibits^  round  the  slope  of  this  ridge,  inferior  sandy  beds,  sone 
of  which  are  y^rj  full  of  particles  of  green  earth ;  while  the 
lowest  contain  those  large  nodules  of  calcareo-siliceous  grit, 
which  from  their  size  and  grotesque  appearance  will.attntft 
the  notice  of  every  one  who  ascends  Shotover  in  fpllowing  the 
old  Lioodon  road. 

At  the  foot  of  the  high  ridge  of  Shotover,  the  Kimmeridfe 
clay  makes  (as  far  as  has  been  traced)  its  first  appearance  ia 
(he  village  of  Headington,  where  it  is  seen  in  inany  of  the 
.  quarries  overlying  the  oolites  of  the.  next  division.  In  its  pre- 
vious course  through  Bucks,  the  Portland  beds  seem  to  reit 
immediately  on  the  Oxford  clay  (both  the  Kimmeridge  clsj 
.and  the  coral  rag  being  wanting.) 

On  the  Berkshire  side  of  the  valley  of  Oxford^  therKin' 
meridge  clay  may  be  traced  on  the  hills  answering  to  Shotov^j 
in  the  pit  sunk  by  Sir  George  Bowyer  in  a  fruitless  search  /or 
coal  near  the  uorthern  edge  of  Bagley  wood ;  but  the  strata 

♦  fly  the  KevrW ,  D.  C>3V|\mm^ 
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thin  oflf  in  thu  directioa,  the  Portland  beds  are  no' longer  to 
be  seen,  and  the  clay  itself  soon  terminates,  the  iron  sand 
orerlying  its  ontgoing  and  coming  into  contact  with  the  sab* 
jacent  coral  rag  belonging  to  the  next  division. 

Immediately  on  the  south  of  Abingdon  the  Kimmeridge  clay 
pursues  its  course  westwards  through  the  Tale  of  Berkshire, 
following  the  line  of  the  Berks  and  Wilts  canal  as  far  as  Wotton 
Basset,  where  it  turns  more  to  the  south,  and  ranges  on  the 
east  of  Calne  and  of  Seend,*  reposing  all  the  way  on  the  inner 
edge  of  the  coral  rag.  Near  Seend,  the  chaH(  and  subjacent 
green  sand  overlie  and  conceal  it,  advancing  in  a  sort  of  pro* 
jecting  cape  even  into  the  district  of  the  great  oolite.  In  the 
interval  above  mentioned  (from  Abingdon  to  Seend)  the  Port* 
fand  beds,  reposing  on  the  Kimmeridge  clay,  are  only  seen  at 
one  point;  namely,  at  Swindon,  where  they  are  extensively 
'quarried  :  elsewhere  they  are  either  concealed  by  the  alluvial 
debris  scattered  over  this  valley,  or  have  their  basset  edge 
overlaid  and  hidden  by  the  superior  strata* 

On  the  south  of  the  projecting  cape  of  chalk  and  green,  sand  . 
before  mentioned,  which  extends  from  Seend  io  Stoorhead,  a 
wide  valley,  opening  in  the  ranges  of  these  formations  between 
Stourhead  and  Shaftesbury,  again  exposes  the  subjacent  strata. 
This  denudation,  which  extends  on  the  east  neariy  to  Wilton 
(being  traversed  by  the  river  Nadder  and  occupying  the  vali^ 
ef  that  name,  also  known  by  that  of  the  Vale  of  Wardour)  la 
iUrted  by  an  escarpment  of  green  sand,  ranging  from  Mere  by 
Chilmark  towards  Wilton  on  the  north,  and  along  the  right  bank 
ef  the  Nadder  on  the  south.  The  iron  sand  being  here  wanting*, 
tke  green  sand  reposes  towards  the  south  of  Chilmark,  on  a  zone 
•f  argilleo^calcareous  beds  belonging  to  the  Purbeck  series 
(which  we  here  notice  for  the  first  time)  rangipig  thence  to 
Luly  down.    The  thin  slabs  of  this  formation  are  here  raised 
for  tile  stones.  ^  Within  this  zone,  the  subjacent  strata  of  the 
IWtland  series  occupy  the  interior  of  the  denudation,  being 
extensively  quarried  at  FonthilU  Tisbury,  and  Chicksgrove. 
Ob  the  west  of  Fon thill  (along  what  may  be  termed  the  mouth 
sf  this  denudation)  a  clay  appears  beneath  these  beds  (pro- 
bably that  of  Kimmeridge,  although  coloured  in  the  Geological 
Map  as  the  Oxford  clay.) 

Much  disturbance  seems  to  have  been  experienced  by  the 
itntta  within  this  denudation ;  since,  although  nearly  horizontal 
It  (blcksgroTe,  yet  at  Chilmark,  Fonthill,  and  Tisbury,  they 
ire  incUoed  nearly  40  degres,  dipping  towards  the  north  and 
east. 

*  Mr.  Orecnough*8  Map  represents  its  course  iccuratcly  m  Ut  «k  Ci^tkR^ 
hot  tni  in  tcrmiuarfii^  it  abruptlj  at  that  point. 
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Through  the  north  of  Dorsetshire,  the  continnatioii  of  these 
fbnnatioQS  is  concealed  bj  the  projection  westwards  of  the  fist 
orerlying  platforms  of  chalk  and  green  sand  extending  oftr 
their  basset  edges.  Beyond  the  escarpment  of  the  chidk  to* 
wards  the  southern  coast  of  that  countj,  howerer,  we  ipia 
meet  with  them  under  the  following  circumstances. 

1st.  Near  Upway,  on  the  road  from  Dorchester  to  Wey* 
mouth,  a  zone  of  the  Purbeck  beds  may  be  observed  for 
acMne  distance  immediately  beneath  the  escarpment  of  tbe 
chalk;  they  aris  here  however  very  imperfectly  exhibited; 
|int  they  may,  nevertheless,  be  obscurely  traced  to  the  point 
where  the  chalk  hills  meet  the  coast,  six  miles  east  of  Wej* 
mouth;  where  we  shall  presently  return  to  them. 

The  country  iDtennediate  between  Upway  and  Weymoatk 
exhibits  what  is  geojogically  termed  a  Saddle  of  the  two  inferior 
division  of  oolites;  presenting  in  succession,  on  either  side  of 
a  central  point  between  these  two  places,  the  coral  rag,  Oxford 
clay,  and  forest  marble,  dippuig  on  either  side  from  thu  cen« 
tral  point. 

On  the  southern  flank  of  this  saddle,  close  to  the  passige 
from  Weymouth  to  Portland,  the  Kimmeridge  clay  may  be 
Been  resting  against  the  coral  rag. 

The  Kimmeridge  clay  also  forms  the  substratum  of  the  whole 
Isle  of  Portland,  and  rises  high  on  its  northern  face,  where  it 
is  capped  by  an  abrupt  escarpment  of  the  superior  oolitic  beds. 
All  the  strata  sensibly  decline,  though  not  under  a  very  rapid 
angle,  to  the  south  ;  thus  giving  the  profile  of  the  island,  is 
aeen  either  from  the  east  or  west,  that  appearance  of  an  inso* 
lated  inclined  plane  which  at  once  distinguishes  it  from  the 
other  headlands.     This  declination  brings  the  line  of  junction 
briween  the  Kimmeridge  clay  and  oolite  to  the  level  of  the 
aea.  near  the  south  extremity  of  the  island,  which  is  formed  by 
low  calcareous  cliffs,  worked  by  the  action  of  the  sea  into 
numerous  carerns,  seme  of  which  communicate  with  funoel- 
•haped  craters  on  the  surface  of  the  island,  through  which  tlie 
waves  may  be  seen  boiling  within  the  narrow  limits  in  whick 
they  are  pent.    All  the  coasts  of  this  island  are  steep,  the  bssi 
of  Kimmeridge  clay  forming  a  sloping  talus  surmounted  by 
crags  of  the  oolite,  scarred  by  numerous  quarries.     Near  Bow 
and  Arrow  castle  is  a  remarkable  rocky  de^le  on  the  top  of  the 
cliffs,  imitating  in  miniature  one  of  the  Derbyshire  dales. 

2.  We  have  now  (returning  to  the  coast  where  the  chalk 
hills  meet  it  east  of  Weymouth)  to  trace  the  formations  whick 
constitute  the  subject  of  this  section  through  the  Isle  of  Par* 
beck.  The  inclined  position  of  the  strata  occupying  tbe  dis* 
trict  thus  denominated^  and  the  deeply  excavated  cpves  whicii 
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m  mt  mnarkible  a  feature  near  its  western  extremity,  have 

I  already  described,  (see  the  Chapter  on  Chalk,  p.  llOf 

t  that  cm  Green  sand  and  Iron  sand,  p.  180).     We  there 

i  that  the  Portland  beds,  dipping  ioland  in  an  angle  of 

B  45  to  00  degreea,  formed  the  exterior  barriers  and  cap«9 

the  month  of  these  Coiea,   while  the  tertioil  strata  of  th0 

ti  chalk  downs  ranged  along  their  bottom  ;  their  side*  eX' 

;  in  section  all  the  Intermediate  formations.    The  repre- 

vili  eoovry  a  lufflciently  nccurate  idea  of  th« 


^pMnncei  which  preTiil  in  all  of  them.  The  m<ire  solid 
pimn  of  the  Portland  rock,  having  relisted  most  atrongly  the 
MlisQ  of  the  destroying  causes  which  appear  to  have  excavated 
^M  cores,  often  lonn  a  reef  of  racks  in  front  of  them  ;  in 
^  Inatance  a  projecting  crag  of  it  has  been  worn  into  a  re> 
^Aable  arch  through  which  a  boat  can  pass ;  this  is  called 
Ai  Bam-door. 

,  While  the  coumlsions  which  have  here  acted  on  the  strata, 
a  railed  the  solid  beds  of  Portland  rock  in  mass,  in  regular 


Ncfioed  planes,  the  softer  superincumbent  argillaceous  beds 
mn  been  bent  bj  the  lateral  pressure  (to  which  they  hate 
ton  readily  yielded)  into  many  singular  contortions,  exactly 
hilar  to  thow  which  have  formed  the  subject  of  so  many 
%ii  latiiiiiii  and  so  much  theory  in  the  transition  siste  dia> 
lictx.  It  may  indeed  be  stated  as  a  genervl  fact,  that  when  in 
■  ■eriei  of  inclined  strata,  solid,  thick,  and  compact  beds  of 
tone  ar«  found  associated  with  tbiu  ai^illaceous  and  yielding 
icda,  the  former,  however  elevated,  usuklly  present  regular 
■Ikim  of  stratification ;  while  the  latter  are  bent  and  twisted 
tto  the  most  irregular  curves.  It  is  scarcely  possible  to  con- 
«1tc  a  stronger  proof  that  this  disposition  Is  not  the  result  of 
liginat  fonnaticMi,  but  of  subtciucnt  mechanical  violence. 
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Lulworth  Core  is  the  moit  ra^irkable  of  HkmB  ilupbit 
bajfi,  the  lUuneB  of  the  othen  will  be  louid  in  the  PHN*  Mbn 
veierred  to* 

Ftom  the  out  of  WorthbarfOWy  Ae  left  off  theee  covii..ii 
that  directioD,  the  Parbeck  end  Portiaii4?lieii|  fme  •  ridp^ 
hills  extending  loDgitndinally  from  west  to  eett  amMi  Ae  Ui 
of  Portland,  rangliH^  parallel  to  the  veiiical  chalk  tidgty  {bm 
which  they  are  aepanited  by  a  valley  ocnBpied  by  Se  iMj. 
nediate  tandt),  about  a  quarter  of  a  pilbbmaAtrt  tba.Vii^ 
ttftd  a  mile  at  the  east  end  near  Swanage ;  the  atrata  being  ban 
thicker  and  also  less  inclined^  and  therefore  illing  a  gicoUr 
qpace.  A  section  of  the  cliffs  formed  by  the  teminatioo  ef  tti 
ridge  m  this  direction,  is  seen  in  the  Plate  of  SectUmSy  i§.  k 
eiLtending  to  Durbtone  head.  The  Portland  beds  occcfiysl 
the  southern  coast  of  Purbeck,  with  the  exception  of  aa  iiit» 
Yal  of  about  five  miles  from  St.  Adhelm's  head  to  KiBuneiU||i 
bay;  where  the  Kimmeridge  clay  emerges  from  beoesih  th0% 
and  forms  the  cliffs  already  described  in  treating  of  the  chmd- 
cal  and  external  characters  of  that  formation. 

For  a  further  description  of  this  very  interesting  district,  wp^ 
refer  the  reader  to  Mr.  Webster's  most  excellent  letters  in  & 
Henry  Englefield's  Description  of  the  Isle  of  Wight.  Tbe 
personal  observations  of  the  present  writer  may  serve  as  a  fv- 
ther  confirmation  of  their  perfect  accuracy. 

The  argillaceo-calcareous  beds  underlying  the  iron  sand  it 
Sandown  bay  in  the  Isle  of  Wight,  mentioned  before  in  page 
1 57,  and  those  underlying  tixe  iron  sand  of  the  Weald  in  Stf* 
sex  (see  page  148),  must  probably  be  referred  to  a  part  of  the 
Purbeck  series. 


(e)  Heighi  qf  hilk.  Brill  hill  on  tbe  bordere  of  Bucking- 
hamshire and  Oxfordshire,  exhibits  probably  the  highest  point 
attained  by  any  of  these  formations;  the  Portland  bedi  an 
there  near  the  summit,  which  has  only  a  very  thin  cap  of  ifiS 
sand.  In  Shotover  hill,  where  the  cap  of  iron  sand  is  thictet 
they  range  about  50  feet  below  the  summit,  which  is  559  fed 
above  the  sea.  In  Berkshire  and  North  Wilts,  they  are  esa* 
fined  to  low  ground ;  in  the  denudation  of  the  valley  of  the 
Nadder,  however,  the  surface  is  raised,  and  the  Purbeck  bedi 
there  acquiie  some  elevation  at  Lady  I>Dwn.  Near  Upway  ia 
Dorsetshire,  they  are  near  the  foot  of  the  chalk  escarpoieai) 
but  stiH  at  some  height  above  the  sea.  The  height  of  the  laie 
of  Poithmd  is  .about  90O  feet ;  and  that  of  the  ridge  of  ?wh 
beck  and  Portland  stone,  traversing  the  Isle  of  Thanet,  abost 
the  same. 
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0  IncUnaiUm.  Through  Backinghamshire,  Oxfordshire, 
kshire,  and  North  Wilts,  these  beds  arc  nearly  horizontal, 
ping  in  an  almost  inappreciable  angle  sonth-south-east.  In 
denudation  of  the  vale  of  Nadder,  as  has  been  observed, 
f  are  elevated  sometimes  to  an  angle  of  45* ;  at  Upway  and 
tland  they  decline  in  opposite  directions,  forming  a  portion 
rhat  nay  be  termed  the  Weymouth  saddle  (see  p.  1 93) ;  and 
Nirbeck  they  form  a  part  of  the  system  of  highly  inclined 
ta  constituting  that  district. 

lie  remarkable  contortions  of  the  Purbeck  beds  have  been 
itioned  in  the  preceding  article  :  they  are  accurately  repre- 
ed  in  the  plates  of  Sir  H.  Englefield's  Isle  of  Wight. 
iltbough  these  formations  do  not,  when  examined  in  any 
icular  spot«  exhibit  any  want  of  conformity  with  one 
ther,  it  is  evident  that  they  cannot  be  considered  as  strictly 
formable  throughout;  since  in  Buckinghamshire  we  find 
Kimmeridge  clay  absent,  and  the  Portland  beds  reposing 
the  Oxford  clay.  %  The  superior  strata  of  the  sands  and 
Ik  exhibit  a  like  want  of  couformit  v  with  regard  to  these, 
e  they  overlie  their  basset  edges  completely  in  the  north- 
ern counties,  'and  in  several  instances  in  the  south- westeni* 

Section  III. 

Middle  division  of  OoUies. 

rHmtfmes.^^The  Superior  Oolite^  Oxford  Oolite j  or 
^soliie  of  other  authors^  is  subordinate  to  this  for' 
latiofi;  as  are  also  the  Calcareous  grit  and  sandy  strata 
^hich  form  the  lowest  beds. 

I.    CORAL  RAG.» 

o)  Chemical  and  external  charactersA  This  formation 
iprises  a  series  of  beds  occupying  a  thickness  of  from  one  to 
hundred  feet ;  in  the  upper  part  of  which,  containing  the 
te,  the  calcareous  matter ;  and  in  the  lower,  the  siliceouS' 
rails.  The  coral  rag  (properly  so  called),  which  as  character* 

Mr.  Smith  hai  inaccurately  repretented  the  Kimmeridge  clay  (hit  OmI' 
Uy)  as  here  intervening,  iince  the  eryphsa  dilatata  and  other  charac- 
cic  ahclls  of  the  Oxford  clay  may  be  traced  up  to  the  very  JnnctioB. 
the  Aylesbury  lime  at  Wadldesdon  hill,  Bocka. 

*  By  the  Rev.  W.  D.  Conybcwe. 
Wc  have  confined  onrsdvet  to  the  characten  of  this  formation  in  tb«r 
land  and  South-western  counties,  entertaining  doubts  as  to  the  pro* 
;y  of  referring  to  it  the  Yorkshire  district  to  allotted  in  Mr.  Grccnougli V 
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uingj  gives  name  to  the  whole  fonnation,  occurs  prindptlij 
towards  the  middle  of  the  series.  Such  at  least  is  the  dii* 
position  of  the  beds  near  Oxford,  where  they  have  been  iii«t 
attentively  examined ;  and  in  Wiltshire  (where  the  confoni 
account  of  Mr.  Townshend  indicates  the  reverse),  it  has  bca 
ascertained  that  the  same  order  prevails. 

The  general  relations  of  the  fossils  in  these  beds,  and  tbqr 
association,  as  constituting  a  single  and  well  marked  ranfrif 
hills  between  the  vallics  of  the  Kimmeridge  and  Oxford  cia|f 
are  sufficient  to  indicate  the  propriety  of  considering  thenmi 
single  formation. 

We  proceed  briefly  to  state  the  character  of  the 
constituent  beds  of  this  fonnation«  - 

The  Upper  calcareous  beds  are ; — a  calcareous  freestone  it 
tolerably  close  texture,  full  of  shells  comminuted  into  fn|^ 
ments  generally  too  small  to  ascertain  their  species;  more* 
less  oolitic,  frequently  very  indistinctly  so,  but  occasionallf 
passing  into  beds  in  which  the  oviform  grains  are  much  hrgf 
than  in  any  of  the  other  oolites.  This  variety,  which  tho^ 
hy  no  means  universal,  is  yet,  where  it  occurs,  characteristifi 
of  the  formation,  has  given  rise  to  the  name  Pholite  emplojel 
by  Mr.  Smith.  The  colour  of  all  these  beds  is  of  a  yelloirisli 
white,  becoming  palest  in  the  most  oolitic,  and  passing  occi- 
.sionally  into  shades  of  light  grey.  It  rises  in  thick  beds  oftai 
traversed  by  lines  of  division  oblique  to  the  plane  of  strati!- 
cation;  which  hence,  unless  where  the  stone  is  exposed  toi 
considerable  depth,  becomes  obscure.  It  affords  a  tolenble 
material  for  building,  but  far  inferior  to  the  oolites  of  Portlul 
already  described,  and  to  those  which  will  be  hereafter  de- 
scribed as  belonging  to  the  third  division,  scalhig  off  in  large 
flakes  after  a  few  years  exposure  to  the  weather.  Oxford  !«» 
to  regret  its  vicinity  to  this  formation.  It  is  a  tolerably  good 
limestone,  but  probably  contains  from  one-tenth  to  one-thiid 
of  sand. 

The  coral  rag,  which  lies  under  this  freestone,  consists,  li 
its  name  denotes,  of  a  loose  rubbly  limestone,  mingled  witk 
and  often  almost  entirely  made  up  of  a  congeries  of  serenl 
species  of  aggregated  and  branching  madrepores.  Two  or 
three  irregular  courses  of  this  rock  intervene  between  the  free- 
stones and  the  inferior  sandy  beds ;  they  often  assume  a  marlj 
character  and  grey  colour;  they  are  used  for  lime  and  the 
repair  of  roads. 

The  sandv,  or  rather  siliceo-calcareous  beds,  consist  of  ft 
thick  deposit  of  yellow  coloured  quartzose  sand,  usually  cos* 
taining  about  one-third  of  calcareous  matter,  and  traversed  by 
irregular  strata  and  concretions  of  indurated  calcareo-siliceotf 
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tstone.  Tliete  rest  immediately  oo  the  sabjacent  Oxford 
y,  and  may  be  trtced  through  the  whole  escarpment  of  the 
Is  composed  of  this  formation  supporting  the  rag  and  free- 
«««•  It  is  in  the  calcareous  grit  of  this  sand  that  the  fossils 
this  formation  occur  in  the  greatest  quantity,  and  especially 
tliose  immediately  beneath  the  coral  rag  beds.  The  ostrea 
mrea  characterises  the  sand  generally. 
Iron  is  more  or  less  abundant  throughout  the  sand ;  some- 
net  so  much  so  as  to  give  it  the  appearance  of  the  iron  sand 
ifcribed  in  the  former  chapter. 

In  the  Ticinity  of  Weymouth,  the  beds,  at  the  junction  of 
e  Kimmeridge  clay  and  the  freestones  of  this  formation,  are 
R>  Tery  sandy  and  ferruginous. 

(6}  Mineral  catUenU,  This  formation  affords  scarcely  any. 
hg  which  deserves  notice  under  this  head ;  calcareous  spar 
of  coarse  common,  but  does  not  present  any  beaatiful  Ta- 
iCios.  Crystals  of  quartz  have  also  been  found,  though  very 
wlj,  in  the  Headington  quarries  near  Oxford. 
(ff)  Organic  remains.*  The  remains  of  Vertebral  animals 
9  tcarce  in  this  formation ;  but  vertebne  of  the  Ichthyosaurus 
Ire  lieen  fonnd  in  its  beds  of  calcareous  grit. 
Hie  shells  are  numerous,  especially  in  the  beds  of  calcareous 
\tj  and  chiefly  of  the  following  species ;  for  figures  of  which 
» nay  refer  to  Sowerby's  Mineial  Concbology. 

CflAMBERED  UnIVAI^VES. 

Jmrnanites  exctLWRius^  7.105.    ^.giganteus,  71 1^. 

J.  plicatilis,  T.  166.     J.  vertebralis,  T.  165. 

jI.  splendens,  T.  103,  fig.  3. 
Nautilus, 
Belemniles. 

QVITALVES  KOT  CHAMBKBED. 

Melama  Uead'mgtoniensts,  T.  39.   M.  striata,  T.  47. 

Turbo  muricata.     7.  ^40.  fig.  4. 

HeUx. 

Trockus  bicoronatus.     T.  291,  fig.  9. 

AmpuUaria ;  Smith,  fig.  9* 

TurrUellaf 

SerpuUUs. 

The  platct  giTen  by  Towuheiid  of  the  foMlt  oTdiia  formatioo  raqair* 

»5, 


re  are 

t  &  I9»  are  ftom  other  fbcnttioas.    With  thwe  eiceptioiii  they  may  1h? 

•ulied  Uflefully.   Smith's  calalogiit  and  4gursi  are  both  good, 

2a3 
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Bivalves. 

Ostrea  gregarea,  7. 1 1 1 ,  fig.  3.  0.  crisU  gslli^  Snill 

fig- 4. 
Pecten  fibrosus.   T.  136,  fig.  3.      P.  lens,   T.flOi 

fig.  2. 3.  P.  arcottus,  T.  205,  fig.  7.   P.  nnitti 

.  r.  205,  fig.  6. 
Chama^  same  as  in  the  Oaktree  claj* 
Tn'goniay  casts  of  sereral  species. 
Lima  rudis.     T.  214,  fig.  1. 
JJthophaga. 
MyiiUu. 
Modioki. 

Fragments  of  a  fibrous  shell  are  common,  but  not  snfficieBlI 
perfect  to  ascertain  whether  thej  belong  to  the  same  gen 
with  the  Inoceramus  of  the  chalk  formation. 

Many  beautiful  Kchiniiei  o^cur  in  this  formation ;  viz.  oft) 
division  Cidarit^  three  species ;  1.  C  papillata,  much  resembUi 
that  of  the  chalk,  (Parkinson,  vol.  3,  pi.  1,  fig.  9.) ;  2.  C.li 
termedia  (same  plate,  fig.  6.) ;  3.  C.  diadema  (same  pht 
fig.  4.)  :  and  of  the  genus  Cljfpeus^  two  species ;  viz.  1.  Cljpei 
sinuatus  (the  same  which  occurs  in  the  Great  and  Inferi 
oolite)  pi.  2,  fig.  1 ;  and  2.  the  Clypeus  clunicnlaris  (a  smi 
OTal  variety)  see  Smith's  plate  of  the  fossils  of  this  formatio 
fig.  6.,  where  it  is  rightly  restored  to  this  genus,  having  be 
confounded  by  other  writers  with  genera  to  which  it  did  n 
belong.  Here  we  may  observe  that  a  new  genus,  the  Clypev 
makes  its  first  appearance,  and  an  old  one  formerly  notice 
the  Spatangus,  is  no  longer  found,  not  being  known  in  n 
formation  below  the  green  sand. 

This  also  is  the  first  formation  (in  descending  the  series) 
which  in  this  country  *  any  considerable  number  or  varie^ 
madrepores  occur  in  a  fossil  state  ;  the  species  occurring  in  tl 
formations  we  hare  before  described  being  few  and  scare 
We  here  notice  several  species  of  the  divisions  CaryopkiU 
and  Astrea^   following  the  Lamarckian   arrangement  of  tb 
family,  viz.  1.  a  Gary ophy Ilia  approaching  to  C.  Carduus,  bi 
not   muricated  (Parkinson,  vol.  2,  pi.  5,  fig.  5.) ;  Caryophy 
lia  cespitosa  ?   a  smaller  branching   madrepore   clustering  i 
groupes;  and  of  the  division  Astrea  one  species,  approachit 
to  Astrea  favosa  (Smith's  plate  of  coral  rag  fossils,  fig.  1.); 
second  (Parkinson,  pi.  7,  fig.  11.),  and  a  third  approaching) 
Astrea  annularis. 

It  must  be  stated,  however,  that  the  subject  of  fossil  madn 

-  *  The  Maeitricht  beds,  which  repose  immediat^j  on  the  chalk  in  ^ 
Netherhmd*,  are  however  rich  in  madreporef. 
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pores  has  nerer  been  treated  in  this  conntr j  with  the  accuracj 
It  requires;  the  superficial  and  external  characters  of  this 
species  have  alone  attracted  attention,  their  internal  stmctnre 
and  mode  of  increase  have  been  scarcely  noticed :  and  we  have 
consequently  little  or  no  real  and  precise  knowledge  concern- 
ing them. 

Fossil  wood  is  often  fonnd  in  the  calcareous  grit  of  this  for* 
jnation. 

(d)  Range  and  extent.  Considering  it  as  yet  doabtfnl 
whether  the  tract  on  the  edge  of  the  eastern  moorlands  of 
Yorkshire,  coloured  in  the  Geological  Map  of  Mr.  Greenoagh 
lu  belonging  to  this  formation,  does  not  rather  belong  to  the 
great  oolite^  we  shall  add  the  few  notes  we  possess  concerning 
it  as  an  appendix  to  the  whole  suite  of  oolites,  withovt  ven- 
tnring  decidedly  to  assign  its  geological  place  among  them. 

Passing  then  over  this  tract,  we  certainly  do  not  find  any 
traces  of  the  coral  rag  formation  in  proceeding  to  the  south- 
west, until  we  come  to  the  middle  of  the  island. 

Its  earliest  appearance  in  this  direction  is  on  the  east  of 
Oxford,  where  it  forms  the  elerated  platform  rising  on  the 
joath-west  of  Otmoor,  and  occupying  the  interval  between  the 
coafluence  of  the  CYiarwell  and  Thame  with  the  Isis.    This 

flatform  supports  the  still  higher  ridge  which  (exhibiting  the 
Portland  beds  and  iron  sand)  constitutes  the  summit  of  Shot- 
«ver  hill.  The  whole  of  its  surface,  which  extends  about  five 
miles  from  east  to  west,  and  seven  from  north  to  south,  is 
covered  with  quarries  of  which  the  principal  are  those  of  H««d- 
i^gton  two  miles  east  of  Oxford,  at  the  foot  of  the  high  ridge 
of  Shotover,  in  which  the  junction  of  the  beds  of  this  for- 
mation and  the  Kiinuicridge  clay,  which  lies  above  them,  is 
well  displayed.* 

*  As  the  strata  here  dip  nearly  to  the  south,  the  plaitforni 
occupied  by  them  subsides  in  the  same  direction,  Beckley  on 
the  north  being  its  most  lofty  point,  whence  it  sinks  towards 
Baadford,  being  there  very  little  above  the  level  of  the  Isis. 
Near  this  last  point,  the  sandy  beds  occupy  its  escarpment,  the; 
whole  way,  the  basset  of  the  coral  rag  crosses  the  river  Isis, 
and  the  plane  of  the  formation,  rising  northwards,  occupies 
the  middle  of  the  range  of  hills  on  the  west  of  that  river, 

*  The  upper  tnrfice  of  the  freestone  lieds  was  in  the  jtn^  1819  laid 
open  in  one  of  the  quarries  to  a  considerable  extent,  by  stripping  off  the 
lupcrjacent  day ;  it  nad  the  appearance  of  having  been  marked  by  the 
action  of  water  npon  it  before  the  depowtjon  of  the  clay,  and  presented 
occarionally  small  round  cup-shaped  cavities  which  seemed  to  nave^  been 
won  into  it :  tlie  sttmy  strata  were  traversed  also  by  many  perpendicular 
reala  off  various  breadth,  into  which  the  clay  had  inuuuaied  itsm. 
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crowned  with  Bagley  wood.  This  ridge  corresponds  with  ihi 
opposite  platform,  and  must  have  been  originally  contimuii 
with  it,  the  intervening  valley  of  the  Isis  near  Oxford  appeii^ 
ing  to  be  a  breach  in  the  chain  of  hills  opened  by  sabsequdif 
denudation. 

The  fiagley  wood  hills  are,  like  Shotover,  crowned  wiA 
iron  sand,  which  constitutes  the  summits  of  Foxcombe  hill  tad 
Cumnor  clump ;  but  the  Portland  beds  do  not  extend  so  ftt 
north,  although  the  Kimmeridge  clay  may  be  traced  along  tki 
base  of  the  iron  sand  of  Foxcombe  hill,  interposed  between  I 
and  the  coral  rag.  This  however  also  thins  out  before  it  gum 
Cumnor  hill,  in  which  the  iron  sand  rests  immediately  on  tM' 
coral  rag.  The  same  thing  also  happens  on  the  opposite  ridf 
near  Shotover  hill,  where  the  clay  likewise  thins  out  beneitli 
Forest  hill,  an  insulated  summit  of  iron  sand  just  on  the  norfl ! 
of  Shotover. 

North  of  Cumnor' hill  is  Whiteham  hill,  an  insalat«d 
of  the  coral  rag  and  its  subjacent  sand,  hanging  over  Ensl 
and  constituting  what  is  called  an  outlier.     This  is  the  highdt 
point  of  the  coral  rag.  * 

From  Cumnor  hill  the  platform  of  the  coral  rag,  extendhg 
westwards,  forms  a  range  of  kills  about  900  feet  high  (skirt{ii{ 
the  north  of  Berkshire)  between  the  rivers  Isis  and  Ock.  Thi 
escarpment  of  these  hills,  which  exhibits  the  inferior  sandj 
beds,  is  towards  the  former;  the  gradual  slope  on  the  backti  I 
the  strata,  towards  the  latter.  The  superficial  breadth  of  tbe  : 
coral  rag  is  here  about  four  miles. 

At  Farringdon  are  two  summits  of  iron  sand,  resting  on  A0  ' 
coral  rag,  one  on  the  east  of  the  town  marked  by  a  conspicootf 
clump  of  firs,  the  other  on  the  south-west. 


*  The  most  interesting  circumstance  with  regard  to  these  hills 
to  be  mentioned.  A  large  accumulation  of  alluvial  pebbles  and  blodoii 
often  of  considerable  size,  and  derived  apparently  from  some  traoiitioB 
district  on  the  one  hand  and  from  chalk  on  the  other  (comprising  qoaitii 
sandstone  like  that  of  the  Lickey,  hard  black  flinty  slate,  porphyry,  aod  ii 
addition  to  these  chalk  flints),  covers  a  great  part  of  Bagley  wood,  mA 
pebbles  of  the  same  kinds  are  scattered,  though  more  sparingly,  over  ikt 
summit  of  Whiteham  hill.  Now  since  Baeley  wood  is  considerably  elevatti 
above  the  ncighhourmg  district,  and  whiteham  hill  is  completely  iiiso- 
lated,  steep,  and  at  least  HOC  feet  above  the  valtics  which  surroima  it,  «< 
have  here  a  most  decisive  proof  of  the  excavation  of  the  vallies  at  a  paioA 
long  subsequent  to  the  formation  of  those  hills ;  since  whea  these  block* 
and  pebbles  were  transported  hither,  there  must  have  been  uniformly 
inclined  planes  from  their  native  sites  to  their  present  locality  Hiat  tbef 
should  have  rolled  up  the  present  escarpments  is  a  phy<ucal  imposflbiSty* 
The  phoniomenon  is  of  exactiv  the  same  kind  witn  that  of  the  grsutx 
blocks  of  the  Alps,  transportca  to  the  sides  of  tlic  Jura  chain ;  but  the  in* 
rcTcnccs  are  here  more  direct,  in  as  much  as  it  is  impossible  tp  call  in  the 
inMginary  aid  of  icc-bcrgs  to  (Voax  xW  \.lv^%^IV.^d  tsuteriab  in  this  instafice. 
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.  Hence,  the  ume  plsttarm  snd  ridge  contiDoe  to  extend  to 
''  e  KfiM-aonlh-weit,  Invenmg  WilUhire  on  the  north  of  Illgb- 
V  wut  Wooton  BaiMt,  u  far  u  the  hilli  of  Bow-wood  and 
near  Chippenhan.  Tbej  here  acqaire  a  Mutheni 
Near  Secod  thera  ii  a  breach  in  the  chain,  through 
|cb  tile  Berks  and  Wilta  canat  pajuei;  bat  further  touth 
.  liws  aod  becomes  conspicuous  at  Steeple  Ashton. 
J  however,  the  exUiiaion  of  the  green  und  and  chalk 
K«ards,  whicb  has  before  been  noticed  ai  overlying  tlie 
bridge  cla;,  covets  u]>  the  basaet  of  this  formation  lika- 

Xo  the  toath  of  this  projecling  cape  of  green- und,  near  the 
■DC  where  Alfred's  tower  marks  its  bighext  point,  a  range  of 
w  oolitic  hills  may  be  traced  running  east  of  Wincanlon,  in  a 
itbem  directioa,  to  Stoumiinsler,  and  coniinuing  the  line  of 
r  <he  coral  rag  bills.    TheFi<-  are  indred  L:oloured  in  Mr.  Green- 
e's Map  as  a  part  of  ibe  great  oolite,  but  we  believe  tbej 
«  ID  reality  Kparated  from  that  formaliou  by  n  vallej  of  claj 
"  wing  the  tine  of  the  intended  Dorset  and  Somertet  canal. 
Mr.  Smith  has  assigned  thia  range,  both  in  his  map  and  soc- 
loMf  to  the  coral  rag  ;  and  we  are  inclined  in  this  respect  l« 
Utow  bb  aatborily,  canfirined  as  it  appean  to  be  by  ibc  genC' 
ai  line  of  bearing  of  the  formation  in  question. 
On  the  south  of  Stourminster,  the  western  projection  of  the 
1  nnd  and  chalk  through  Dorsetshire  again  concealo  the 
4  of  this,  and  indeed  of  all  the  oolitic  formations  ;  but  on 
Duth   of  this   projection,   where   the   inferior  strata  re- 
r  skirting  the  coast,  the  coral  rag  again  cornea  in  exactlf 
rhere,  parsulng  the  same  line  of  bearing,  we  might  expect  it 
—at  Ahbotsbury. 
In  order  to  understand  its  course  from  this  point,  it  will  be 
ceisary  to  repeat  the  observation  which  has  been   before 
_Lde  when  treating  of  the  Portland  beds;  namelj,  that  the 
ncoontr;  between  the  chailt  hills  and  Weymooth  forms,  geologi- 
lUy  speaking,  a  saddle,  the  ui*  of  which  (consisting  of  a 
leoa  of  oor  third  divtsiva  of  oolites)  ranges  east  aud  we*t, 
big  taccesaive  collateral  sonea  of  the  second  and  first  division 
'  at  oolites  on  either  side.     Uence  the  coral  rag  of  Abbottburj 
\  planning  one  of  the  northern  collateral  zones),  ranges  thence 
fa  ft  western  direction,  near  iiroadway  lo  the  coast,  between 
"Vcjnumth  and  Rlngatead  bajs*,  forming  a  well  marked  ridge 


__^ , ,  with  thotc  of  ihe  ioferior 

baBai,wtrieh  ku  noce  pnrnd  lo-bcerroneoui;  the  line  there  iMrgned  to 
tlM  iofcrior  oolite  ii  really  that  of  the  coial  rag. 


in 
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with  Tallies  of  Kimmeridge  claj  on  tlie  north  and 'the  Oifiirf 
clay  on  the  Mmth.  Professors  Buckland  and  Sedgwick  hsft 
mliiutelj  eiamined  this  district,  and  will  soon  commonicafli 
their  obserrations  to  the  public ;  the  beds  at  the  jnndioa  sf 
the  Kimmeridge  claj  and  coral  rag  hare  here  a  pecvliarij 
sandy  and  ferroginous  character,  which  has  occasioned  thes  f$ 
be  mistaken  for  the  inferior  oolite. 

The  southern  collateral  zone  of  the  coral  rag  occupies 
may  be  called  the  Peninsula  of  Weymouth;  ranging  fi 
Wjke  regis  to  Weymouth  fort,  hafing  *a  Talley  of  the  Oiforf 
clay  on  the  north  and  the  Kimmeridge  clay  hanging  on  ill 
southern  slope  at  Portland  ferry. 


MNW 


«.  Chalk.  ^  Green  Mod.  f«.  Pttrbeck  and  Portland  beds.  ^.  Kimmcridgr 
day.  ee.  Coral  rag.  //.  Oxford  clay.  g.  Forest  marble  and  grcM 
oofite. 

The  above  rough  section  will  give  a  general  idea  of  the 
district. 

(0  Ileighi.  Whiteham  hill  in  Berkshire,  676  feet  abow 
the  level  of  the  sea,  is  probably  the  highest  point  attained  bj 
this  formation ;  the  average  height  of  the  low  chain  of  hilli 
occupied  by  it,  seems  to  be  about  400  feet. 

(f)  Thicknesi.  The  thickness  of  the  coral  rag  and  ral* 
careous  sand  together  may  be  taken  at  from  100  to  150  feet; 
each  of  these  divisions  occupying  an  equal  moiety  of  this  telsl 
thickness. 

(g)  incUnatwn.  It  is  generally  very  little,  averaging  aboat 
1  in  160,  and  therefore  less  than  one  degree;  but  the  stiala 
are  often  traversed  by  parallel  lines  of  cleavage,  cutting  their 
planes  at  various  angles ;  care  must  be  taken  to  distingaisli 
these  from  the  true  lines  of  stratification.  The  appearances 
resulting  from  the  mixture  of  these  lines  are  often  singular  and 
puzzling,  presenting  the  phoenomenon  of  beds  nearly  horison* 
tal^  associated  ivlth  others  which  seem  to  be  highly  inclined. 
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{hy  AgrkuUural  character.  The  oater  slope  of  tlie  hilli 
f  tli^  fomatioa  towards  their  escarpment  being  occupied  by 
he  calcareous  grit,  affords  a  light  sandy  soil.  Their  surface 
md  back,  where  the  substratum  is  the  coral  rag^  presents  a 
OMe  ftone-brash  well  adapted  for  turnips,  barlej,  &c. 

(0  Water.  From  the  rifty  and  porous  character  of  these 
itrata,  it  is  necessary  to  penetrate  to  their  janction  with  the 
subjacent  clay,  in  order  to  procure  any  considerable  supply  of 
water.  The  springs  which  flow  over  the  superior  clay,  fre« 
quently  sink  into  the  rifts  of  this  formation ;  and,  after  being 
for  a  time  engulphed  and  concealed,  are  again  thrown  out  by 
the  basset  of  this  subjacent  clay ;  ejuunples  of  such  swallow « 
boles,  as  they  are  commonly  called,  may  be  seen  at  Heading* 
t«»  near  Oxford. 


IL    OXFORD  CLAY.  % 

Thii  it  the  Clunch  Clay  of  Smithy  and  farms  the  separatton 
between  the  middle  and  it^ferior  assemblage  of  oo&iety  including 
•mbordinate  beds  of  limestone  called  the  KeUowatf  Rock. 

(a)  Chemical  and  external  characters.  This  formation 
consists  of  beds  of  immense  thickness  of  a  tenacious  and  ad<« 
liesive  clay  of  a  dark  blue  colour,  becoming  brown  on  exposure, 
•ad  containing  argillo-calcareous  geodes  and  septaria  These 
latter  are  frequently  termed,  from  an  obvious  analogy,  turtle 
atones.  Some  of  these  geodes  are  employed  at  Melbury  in 
Dorsetshire  as  a  coarse  marble.  The  argillaceous  strata  are 
frequently  mixed  with  calcareous,  and  sometimes  with  bitnmi<* 
noQs  matter,  affording  in  the  latter  case  an  inflamnutble  shale;* 
tlie  section  appended  in  the  note  will  give  a  general  idea  of 
the  manner  in  which  these  beds  occur.i-     The  lower  part  of 

t  Chiefly  by  the  Rev.  W.  D.  Conybeare. 

*  The  appearances  of  coal  in  this  bed  has  given  rise  to  uumeroas  trials^ 
cncoararea  Dv  ignorance  or  fraud.  Among  these  was  one  at  the  expense 
of  Sir  Edwara  Baynton  and  the  Marquis  of  Lansdowne,  on  the  south-east 
^Tecbertcm.  T.  187.  Search  for  coal  has  been  made  in  yarioos  parts  of 
(ha  deposite,  as  near  Elston  in  Bedfordshire ;  and  an  unsuccessful  trial  was 
Hade  on  the  south-east  of  Tetherion  in  the  parish  of  Ooddington  at  the 
«ipense  of  Sir  Edward  Baynton  and  the  Marquis  of  Lansdowne.  (A^.Sur.) 
Omer  trials  have  been  made  at  Bniham  in  Somerset,  at  Pyrton  in  Wilt- 
shire, and  Ensbam  heath  in  Oifbrdahire.  (O.  Notes.) 

t  Near  the  village  of  Donaington,  which  is  about  six  miles  on  the  west 
of  Loath  in  Lincolnshire,  and  near  the  termination  of  the  western  escarp- 
ucnt'of  the  chalk  range,  thu  formation  has  been  bored  laio  to  the  depth 
of  apmuds  of  SOD  feec  without  passing  thronj^h  it.  It  aflMs  the  followiq^ 
Use  of  aitwatiog  beds  of  clays,  atones,  and  bituminoos  slate-clap.  (G.  T. 
y.m,  p.  996.) 

2b 
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this  formation  occasionallj  xontains  Irregular  bedf  of  Ittt* 
stone )  which,  from  their  partial  occurrence,  can  only  be  tm^' 

1,    AcUjaoil « 4 i «...    S  — 

^    Dark  coloured  day 9  — 

5.  Soft  grey  slate  with  marincf  impressions « 1  * 

4.    Blue  argillaceous  stone ^  S 

5»    Dark*coloured  clay 4 S  I 

6.  The  same  at  NaS  .....•• 4...«« ^.•.«    1  -^ 

7.  Laminated  clay  sli£htl]r  indurated  ....  • 83  — 

8.  Soft  grey  slate  slightly  inflammable ., 5  9 

9*    Same  as  No. 8,  but  darker  coloured  ...«.; ^..    S  9 

10.    Indurated  clay  with  wUte  marine  otganic  remains 37  i 

li.    Same  as  No.  10«  but  harder  and  blacker 7  i 

1 2.  Dark  coloured  bituminous  inflammable  schist ....••....    €  ^ 

13.  A  dark  blue  coloured  ironstone -«  5 

14.  Lamiuated  indurated  clay  with  white  marine  organic 

remains ■    33  — 

15.  Same  as  No.  14,  but  harder,  with  marine  impressions  of 

thin  leafy  pyrites 10  4 

1 6.  Dark  blue  argillaceous  stone —  4 

I7i    Hard  indurated  laminated  clay  with  impressions  of  thin 

leafypyrites 18  4 

18.  laminated  bituminous  schist,  with  white  marine  organic 

remains, and  inflammable ..••••     1  10 

19.  Diark  blue  ironstone   «—  t 

SO.    Laminated  bituminous  schist,  same  as  No.  18 11 

31.  Dark  blue  ironstone — 

29.  Laminated  bituminous  schist,  same  as  Nos.  18  &  ^  ... .  18 
23.    Dark  indurated  clay,  with  some  white  marine  organic 

remains 3 

S4.    Laminated  bituminous  schist,  same  as  Nos.  1 8,  20,  &  22 ..    8 

23.    Dark  indurated  clay,  same  as  No.  23 3 

8G.    Laminated  bituminous  schist,  tame  as  Nos.  1 8, 20, 22  8c 24    4 

27.  Dark  indurated  clay,  same  as  Nos.  23  &  25,  intermixed  I 

Vrith  thin  seams  of  laminated  schist SO  9      .< 

28.  Grit —  9 

89.    Brown  laminated  schist ....—-  S     \ 

30.  Hardstone,  bind  or  arjpHaceous  stone  M ••« 2  10 

Si.    Hard  laminated  bitummous  schist  ...  • 1  9 

32.  SameasNo.SO ;••-*. ; ^  " 

33.  Hard  laminated  bituminous  inflammable  schist • .    2  4 

34.  Inflammable  slaty  bind 3  — 

35.  Hard  laminated  bituminous  schist,  very  infiamraable  ....    3  Ti 

36.  Hard  dark  blue  bind,  interlaid  with  tnin  strata  of  bitu- 

minous schist 13  4 

37.  Very  inflammable  schist  . —  S 

38.  Hard  dark  blue  bind,  same  as  No.  36 3  ^ 

39.  Argillaceous  stone  • 1  -* 

40.  Same  as  39,  but  not  so  hard 1  — 

41.  Hard  dark  blue  bind,  same  as  Nos.  3G  &  38,  in  which  the 

boring  was  diKootinucd 22  10 

30St  - 
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lidered  u  rabordiDate  to  it.  These  have  been  noticed  chiefly 
at  Christian  Malford  and  Kelioway  bridge  near  Chippenham 
ia  Wiltshire,  and  have  been  denominated,  from  the  latter 
locality,  the  KLelloway  rock.  This  stone  occurs  in  irregular 
coacretions,  the  exterior  aspect  of  which  is  broivn  and  sandy, 
the  interior  being  harder  and  of  a  blueish  colour.  It  consistf 
almost  entirely  of  a  congeries  of  organic  remains,  among  which 
Several  varieties  of  ammonites  are  predominant.  The  beds 
pf  clay  (says  Mr.  Snaith)  which  immediately  cover  this  rock 
aboond  In  selenite,  and  below  it  are  found  a  brown  aluminous 
cirth  and  bituminous  wood.  Beds  of  clay  separate  the  Kcllo- 
way  rock  from  the  oolites  of  the  next  division. 

This  limestone  is  only  used  for  mending  the  roads,  and  as 
there  are  very  few  excavations  for  this  purpose,  it  is  difficult  to 
trace  its  course ;  Mr.  Smith,  however,  mentions  the  following 
localities  iq  addition  to  those  which  have  been  already  stated  ; 
Thames  and  Severn  Canal  near  South  Cerney ;  Kennet  and 
Avon  Canal  near  Trowbridge ;  "Wilts  and  Bucks  Canal  near 
Chippenham ;  a  Pit  sunk  in  a  fruitless  search  for  coal  at 
Bmham  near  firuton,  Somersetshire. 

(h)  Mineral  contents.  Iron  pyrites  and  selenite  occur 
mbundantly  in  thi^,  as  indeed  in  all  argillaceous  formations. 
The  association  of  sulphur  with  the  clay  strata  seems  to  afford 
an  interesting  subject  of  enquiry.  Mr.  Smith  believes  the 
laineral  waters  of  Melksham,  Ice.  to  be  derived  from  the  beds 
of  this  formation  immediately  contiguous  to  the  Kelioway 
lock.*     • 

Every  yariety  of  this  stratum,  in  the  preceding  section,  agrees  in  the  two 
ibDowing  properties — the  presence  of  calcareous  matter,  which  is  mani* 
ffmed  by  a  brisk  effervesceiiice  when  any  part  of  it  is  submitted  to  the 
action  of  acids;  and  secondly,  a  more  or  less  abundant  admixture  of 
ir^ritcs;  all  the  bituminous  slates,  when  exposed  to  the  action  of  fire,  burn 
With  a  very  strong  offensive  smell,  but  those  found  below  the  depth  of  80 
yaids  werp  not  so  disagreeable  in  that  respect,  as  those  which  were  higher 
uTthe  stratum.  Varieties  93  and  S5  are  remarkable  for  their  inilamma- 
bility,  and  burn  with  a  thick  bituminous  flame,  appearing  nearly  equal  in 
this  respect  to  common  coal ;  but  afker  the  bitumen  was  exhausted,  the 
remainder  was  left  undiminished  in  size.  The  organic  remains  observed 
in  these  beds,  as  their  general  characteristics,  are  impressions  of  ammo« 
lutes  and  some  small  bivalve  shells.    (G.  T.  vol.  iii.  p.  S27.) 

In  the  PhilosophicafXransactions  for  1787,  is  an  account  of  the  strata 
penetrated  in  sinking  478  feet  for  water  in  this  formation  near  Boston ; 
these  consisted  of  clay  mingl^  with  marly  concretions  (called  in  that 
account  chalk)  and  what  is  there  termed  gravel— probably  loose  and 
nibbiy  marle-stones— at  470  feet  from  tb^  lur^ce,  a  thin  bed  or  stone  (per- 
haps the  Kelloways  rock)  was  met  with. 

An  interesting  account  of  thi  sinking  through  the  strata  at  Melkiham 
will  be  found  in  the  *  Guide*  for  that  watering  place. 

*  See  further  particulars  of  these  springs  in  the  article  on  the  waters  oC 
this  formation. 

2b2 
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<c)  0fjgmi€  rMMAir.  ftMse  tte  Bigpiiri  wmmi  ^ 
MOW  ta  Ine  K«ll«irty  rock  mffmt  to  to  pMiAltlr>«id' 
fBQlnriilifi^  we  iliall  glte  a  dcNiMe  list  oC^tto  naMlM^f 
iHmtiMif  Ant,  ttote  whkk  oooot  in  tto  «gniMeQ«f  > 
gcMfdly ;  Mid  wcoodly,  those  Whkli  dietfogolsh  Ae  ft 
WAjrTick. 

1.    •Oimde  lONMivt  of  tke  (7%. 

Bomei  of  the  leMiyoMnms  ooe«r,-tat  ore  niOj 
of  adMeffort  speeleslirani  ttoeelntto  llu. 

.  >      •     «  ■  -    " 

The  MIowing  thelb  Hiaj  to  epectted* 

tSMmifft»  UnTAt.TU. 

JmrnoMei  DoocaoL    7. 147. . 
.4*.  Mnaini ;  Smith,  ig.  3.    !Aio  amflMiiiites  k 
'     fpnnatloa  are  geneiaU j  lo  modi  compietifil^ 
it  to  difficdt  to  asoeitib  thdr  specific  dfaoM 
imd  often  ■till  preserve  thdr  pearly  shell ;  i 
'  circnmataiices  are  commoa  to  most  of  the  \ 
laceous  beds. 
NifutiU  and  Bekmniies  alio  occur. 

ITlllTALYXS  VQT  CHAMBEaED. 

RoiieUaria. 

taholar  ditto, 
Serpuia^  a  peculiar  variety ;  Smith,  fig.  5« 
Patella  latissima.    T.  139,  fig.  1. 

Bivalves. 

Otlrea  palmetta.     T^lllj  fig.  3. 
fi^f;i|iibffa  dilatata.     T.  14^. 
Pema  aviculddes.     T,  66. 
The  occarrence  of  fossil  wood  has  already  been  node 

%    Shells  of  the  KeUomay  rock. 

CgAMMMtEP  UMIVALVES. 

JmtnoHket  callovieasis.     T.  104* 

8ob1«Bvis.     T.  154. 

Komigi,  7.  i03 ;  and  several  speck 
figured, 
.^bvl^and  BeknmUes. 

•9  t 

UviViLVBS  HOT  CHAMBBBBn. 

B9iieUari0;  Smith,  fig.  1, 
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Cordifto  deltoldet.     T.  197,  fig.  4. 
Chama  digitata.     T.  t74. 
Gr^phna  iocarva.     7.  1  \%  fig.  2. 
Pecien  fibrosas.     T.  130. 
Plagioitoma  ohscjm.     T.  114,  fig.  ^. 
Avicula  inequivalvls.     T.  ^44,  fig.  9. 
7Vredra/tfAi  orniihocephala.     T.  101.* 

Range  and  extent*  The  uncertaioty  which  as  yet 
s  concemiDg  the  true  difisions  of  the  oolitic  formations 
appear  iii  rorkshire ,+  prevents  our  being  able  to  speak 
bsolute  decision  concerning  the  course  of  this  formation 
north-eastern  termination  of  the  diagonal  zone  which  it 
across  the  country.  It  should. seem,  however,  that  it 
ily  occurs  on  the  coast  of  that  county  at  Tew  Nab  near 
bridge,  underlying  the  calcareous  grit  of  the  coral  rag 
ion  ;  and  it  is  probable  that  the  greater  part  of  the  Clay 
^'ing  along  the  Yorkshire  Derwent  as  far  as  New  Malton, 
terfening  between  the  chalk  and  oolite  hills,  is  of  this 
ion.    On  the  south  of  New  Malton,  the  chalk  advances 

0  the  oolite  hills  and  overlies  this  argillaceous  tract. 

th  of  the  Humber,  it  may  be  traced  in  a  southern  direc* 
b rough  Lincolnshire,  following  the  course  of  the  feus 
the  Ancholme  navigation,  and  the  Witharo  river,  to 
I ;  proceeding  in  the  same  direction,  it  forms  the  sub- 
n  of  the  western  portion  of  the  Cambridgeshire  fern 
lose  which  border  on  Huntingdonshire;  hence  it  has 
,raes  been  called  the  Fen  Clay.  Where  it  enters  Lin- 
ire  on  the  north,  it  forms  a  very  narrow  tract,  not  exr 
ig  three  or  four  miles  across ;  but,  from  the  drawing 
of  the  chalk  hills  and  their  intermediate  substrata  which 
it,  towards  the  south-east,  a  great  breadth  of  it  becomes 
ed  on  the  south  of  this  county ;  a  line  taken  at  right 

e  references,  unless  where  otherwise  specified,  are  to  Sowerby*s  Min. 
)logy. 

list  would  undoubtedly  be  much  encreated  were  these  strata  more 
!d  :  but  aflfordin?  few  materials  applicable  to  oeconomical  uses,  ther 
eeii  very  little  laid  open  or  examined.  The  most  characteristic  shell 
^ryphxa  dilatata. 

r.  Smith  in  his  general  Map,  and  more  lately  in  his  particular  Map 
kshire,  has  represented  the  Almm  shale  of  that  county  (near  Whitby, 

1  belonging  to  this  formation ;  but  the  continuity  of  this  tract  witit 
At  zone  of  the  lias  formation,  the  whole  list  of  its  organic  remains, 
general  characters,  prove  beyond  the  possibility  of  doubt  that  it 
t>elongs  to  the  lias,  and  not  to  the  Oxford  or  cluuch  clay ;  it  is  cor- 
represented  in  Mj*.  Oreenough's  Geological  Map.  This  subject  win 
e  fully  discussed  in  treating  of  the  Lias  formation. 
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angles  to  its  course  being  not  less  than  15  miles ;  and  this  mxf 
be  stated  as  its  maximum  of  its  superficial  extent  in  this  islaadi 

It  is  here  bounded  by  the  low  range  of  oolitic  hills  on  which 
Lincoln  stands  on  the  west,  and  by  the  chalk  hills  on  the  eaik; 
the  sands  beneath  the  chalk  appearing  (from  the  absence  of 
the  two  first  divisions  of  oolites)  to  rebt  immediately  on  its 
upper  edge ;  but  the  fenny  state  of  this  tract  renders  it  dii« 
cult  to  speak  with  decision  concerning  its  structure. 

Proceeding  to  the  south-west,  a  line  drawn  from  Peter> 
borough*  to  Bedford,  Buckingham,  and  Bicester^  will  nearir 
mark  its  inferior  junction  with  the  subjacent  oolites — and 
another  from  Huntingdon  to  Oxford  its  superior  junctioB. 
Near  Huntingdon,  its  upper  edge  appears  to  be  in  immedisto 
contact  with  the  iron  sand  ;  but  on  entering  Backinghamshire,^ 
the  Aylesbury  limestone  becomes  interposed,  and  on  the  bor* 
dcrs  of  Oxfordshire  the  coral  rag,  the  whole  assemblage  ni 
suite  of  strata  being  here  full  and  complete.  The  breadth  sf 
the  tract  occupied  by  this  formation  is  greatly  reduced  in  prs- 
ccrdinjT  from  the  north  ;  being  at  Huntingdon  more  than  twelre 
miles,  and  between  Bedford  and  Oxford  not  more  on  an  arenp 
than  five  or  six,  and  often  still  less.  West  of  Oxford  it  ranges 
nlong  the  valley  of  the  Isis  westwards  as  far  as  Cricklade; 
thence  bending  on  the  east  of  Malmesbury,  it  traverses  Wilts 
in  a  south  direction,  following  the  course  of  the  Avon  pist 
I'hippenham  to  Melksham,  having  a  breadth  of  from  five  to 
eight  miles,  and  being  always  bounded  by  the  escarpment  of 
the  coral  rag  on  the  south  and  east ;  and  by  the  rise  of  the  hills 
formed  by  the  subjacent  oolites  on  the  north  and  west. 

From  iMelkshanu  its  course  continues  south  through  Somer- 
setshire and  Dorsetshire  passing  by  Wincanton  and  Sturmioster, 
on  the  south  of  which  it  is  overlaid  by  the  great  western  exten- 
sion of  the  chalk  and  green  sand.  In  this  part  of  its  coarse  it 
is  not  more  than  three  miles  across,  and  has  always  the  sub- 
jacent oolites  on  the  west,  and  the  coral  rag  escarpment  on  th< 
east,  except  near  AVincanton,  where  the  green  sand  (overlying 
the  basset  of  the  coral  rag)  advances  upon  this  formation. 

This  formation  reappears  in  the  south  of  Dorsetshire,  in  the 

♦  In  Mr,  Greeno!igh*5  Map  the  Oxford  clay  i«  carried  a  h'ttle  too  f»r  W 
the  west  between  Peterborough  and  Higham  Ferrers,  the  escarpment  wliiek 
hangs  over  the  right  bank  of  the  feu  being  really  formed  of  the  subjacent 
■forest  marble. 

+  Mr.  Smith  has  divided  this  clay  district  between  the  Oak-tree  d«T 
(Kimmerid^e)  clay,  and  the  Cluuch  (Oxford)  clay,  allowing  the  trsceiC" 
the  former  to  be  obscure ;  the  author  of  these  remarks  has  however,  bf 
by  tracing  the  characteristic  foshils  of  ihe  latter  only,  to  the  very  foot « 
tiie  Aylciibury  limcatouc  hills,  convinced  himself,  that  the  former  is' cutirrlf 
wau  tiug. 
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IfeymoQth  denudation,  where  its  course  will  be  sufficientlj 
iadicaied  by  referring  back  to  the  description  of  that  pursued 
hj  the  coral  rag  In  that  district,  since  it  occurs  interposed  be^. 
tireen  the  central  nucleus  of  the  subjacent  ooiites  and  the  coU 
litefml  chains  of  that  rock. 

(e)  Heighty  Sfc.  This  stratum  must  be  considered  as  being 
Ibr  the  most  part  extremely  low,  as  is  the  case  throughout  the 
CMiflidenble  tract  occupied  by  it  in  Lincolnshire,  where  it 
■aucely  exceeds  the  height  of  the  fens  which  penetrate  It,  and 
vUch  separate  it  from  the  point  of  its  reappearance  on  the 
Mrface  in  fluntingdonshire  ;  whence  to  B^^dford,  this  stratum 
Imhis  the  vale  of  the  Ouse.  On  the  west  and  80uth«west  of 
Bedford,  and  on  the  east  of  Buckingham,  occur  some  excep- 
lioaa  to  the  general  flatness  of  the  country  formed  by  this 
ilntnin :  but  the  eminences  are  not  considerable.  Thence  to 
Dsford  It  is  low  and  flat,  and  on  the  south-west  of  that  place  It 
iMnafl  the  Tale  of  the  Isis  for  several  miles.  Gentle  eminences 
igaio  appear  near  Malmsbury  and  occasionally  on  the  south 
■ff  it,  at  near  Trowbridge  and  on  the  north  and  west  of  the 
nie  of  Blackmoor.    (G.  Map.) 

{/}  Tkiekuei9»  The  thickness  of  this  formation  must  be 
very  great,  probably  exceeding  500  feet.  At  Boston,  as  has 
been  already  stated,  it  has  been  penetrated  to  the  depth  of  478 
iset;  from  comparing  its  breadth  taken  horizontally,  and  Its 
Inclination,  It  may  be  estimated  at  about  700  feet  in  the  mid- 
lud  counties,  and  cannot  be  much  less  In  the  south-western. 

{g)  Inciinaiion.  It  appears  to  be  very  nearly  conformable 
to  the  formations  before  described,  although  a  slight  difference 
la.lhif  respect,  between  the  difl'erent  members  of  the  series, 
uost  be  supposed,  in  order  to  account  for  the  occasional  ap- 
pearances of  beds  in  some  places  which  are  wanting  in  others, 
imd  for  the  upper  edge  of  this  formation  being  thus  at  one 
Cm'*  in  contact  with  the  iron  sand,  at  another  with  the  Ay  lei- 
bary  lime,  and  at  a  third  with  the  coral  rag.  A  very  slight 
deriation  however  is  suflicient  to  account  for  this,  and  no  more 
probably  takes  place.  When  indeed  It  Is  said  that  beds  are 
cooformable  to  each  ofher,  the  circumstanoes  under  which 
they  appear  to  have  been  deposited  would  scarcely  warrant  us 
in  expecting  to  find  an  absolute  and  mathematical  parallelism, 
but  only  an  approximation  to  It. 

The  general  dip  of  this  formation  appears  to  be  to  the  east 
ind  south-east  under  an  angle  scarcely  if  at  all  exceeding  1% 
ocept  in  the  elevated  tract  north  of  Weymouth,  where  the 
ditfectioil  and  dip  change,  and  the  angle  is  often  as  high  as  30". 

(hi)  Agricultural  characicr.  The  vale  which  extends  from 
llelbury  to  Shaftesbury  in  IX^rsctshire  is  famous  as  a  b\iU.«t 
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eoaotrj;  but  this  clay  is  generally  barren  and  nntrtctiVler 
iinless  where  coTered,  as  in  Lincolnshire,  by  the  White  day  d 
that  country,  which  is  chalk  breccia.     (6.  Notes.) 

The  tract  occupied  by  this  formation  is  indeed  so  frequently 
covered  by  alluTial  debris  that  its  agricuUnral  character  ii 
▼ery  variable  from  this  cause. 

(t)  Phamomena  of  sprmgt.  It  is  generally  necessary  t» 
sink  through  this  retentive  formation  in  search  of  water.  The 
well  sunk  at  Boston  to  the  depth  of  478  feet  has  been  alresdy 
mentioned,  and  even  then  the  attempt  was  abandoned  withMt 
success. 

The  following  mineral  springs  occnr  in  the  course  of  tkii 
formation,  but  perhaps  their  true  seat  is  the  upper  beds  of  tk 
subjacent  oolites.  Abaters  containing  pnrgattre  salts ;  at  Stai- 
tield  (in  Lincolnshire);  Kingscliff,  (Northamptonshire);  belov 
Cumner  (Berkshire)  ;  Melksham  and  Uolt  (Wiltshire).  Itm 
and  carbonic  acid  at  Seend  (Wilts),  and  green  Titriel  rt 
Somersham,  Huntingdonshire.  It  is  to  be  regretted  that  M 
correct  analysis  of  the  mineral  waters  of  this  island,  with  tlie 
exception  of  a  few  of  those  of  most  distinguished  resort,  ktf 
yet  been  made ;  the  analysis  of  the  Melksham  water  will  be 
found  in  the  ^  Guide'  before  alluded  to. 


Section  V. 

JLozcer  Division  of  Oolites.  * 

A.  Upper  beds  J  associated  with  the  Great  Oolite  and  cos- 
taining  the  subdivisions  Combrash^  Stonesfield  slatej  FortA 
Marble^  and  Great  Oolite^ 

Introduction. —  Jii  the  general  view  of  the  Oolitic  seriei 
(p.  166,)  a  synoptical  table  of  this  lower  system  of  oolites 
(which  far  exceeds  in  thickness  and  importance  the  two  for* 
mer,)  has  been  already  given.  Since  the  subdivisions  into  which 
it  may  (occasionally  at  hast)  with  propriety  be  resolved,  are  so 
numerous  that  it  would  introduce  some  confusion  to  treet  of 
them  all  in  a  single  section,  at  the  same  time  that  manj  of 
them  cannot  be  considered  as  either  suiiiciently  universal  or 
extensive  to  be  entitled  each  to  a  separate  section ;  and  since 
an  arrangement  so  minutely  divided  would  both  have  perplexed 
the  memory  and  given  rise  to  much  unavoidable  repetition,  ve 
shall,  led  by  the  great  principle  of  convenience,  attempt  to 
reconcile  as  far  as  may  be  consistent  with  that  precision  and 
geiv^ralization  of  method  which  appear  desimble^  pursue  e 

*  Chiefl/  by  the  Rev.  W.  D.  Conybcaire. 


Sect«'V«    Lower  dhkion — Combroik^  Sfc,  301 

die  caarse,  and  assign  to  this  system  two  sectiom;  viz. 
present,  to  its  upper,  and  the  ensuing,  to  its  lower  beds; 
this  division  will  be  sufEcieiitly  natural,  since  all  its  upper 
(  may  fairly  be  regarded  as  subordinate  to  the  great  oolite, 

all  the  lower  to  the  calcareo-siliceous  sand  which  forms 
base  on  wliich  it  rests,  although  the  line  at  the  junction  of 
ipper  and  lower  beds  must  still  be  drawn  in  a  somewhat 
j^ry  manner.  In  the  present  section  then  it  will  be  our 
ct  to  treat  under  the  several  usual  heads,  of  all  the  cir* 
stances  connected  with  the  upper  beds  subordinate  to  the 
t  oolite,  noticing  in  order  under  each  head  the  characters 
e  several  subdivisions. 

)  Chemical  and  external  characters.  Viewed  generally^ 
:hain  of  hills  composed  of  this  oolitic  system  will  be  found 
msist  of  one  great  oolitic  mass,  resting  upon  the  beds  of 
treo-siliceous  sand  (itself  containing  some  beds  of  coarser 
e)  which  we  have  referred  to  the  next  section ;  but  on 
I  minute  examination  it  will  be  found  that  the  .upper  part 
us  great  oolitic  mass,  forming  the  acclivity  of  the  hills 
«  they  rise  from  the  valley  occupied  by  the  Oxford  clay^ 
nt  strata  of  a  character  sufficiently  distinct  from  the  great 

of'  the  oolite  to  entitle  them  to  a  separate  description  j 
^,  instead  of  rising  in  thick  masses,  are  generally  either 
3  or  rubbly ;  are  much  mingled  with  clay,  forming  as  it 

a  link  between  the  principal  deposit  of  purely  oolitic 
y  and  the  succeeding  argillaceous  beds;  in  place  of  the 
wish  tinge  of  the  oolite,  they  have  very  generally  a  blue 
ir,  or  in  some  beds  a  pasty  appearance  and  a  dead  white 
ir  not  unlike  chalk.  As  far  as  our  observations  at  present 
id,  it  should  appear  to  be  impossible,  or  nearly  so,  io 

any  divisions  of  these  upper  beds  resting  on. the  great 

of  the  oolite,  which  may  be  certainly  applied  to  every 
of  the  course  pursued  by  this  system  of  rocks  through 
dand  ;  since  they  appear'  rather  as  accidental  varieties  of 
p'eat  oolitic  deposit,  where,  as  we  have  already  observed, 
xture  of  argillaceous  precipitates  led  the  way  to  the 
mass  of  the  latter  character  which  prevailed  in  the 
succeeding  period.  In  some  instances,  however,  the  pre- 
ites  of  argillaceous  and  calcareous  matter,  during  this 
nediate  period,  appear  to  have  followed  one  another 
lately,  at  sufficient  intervals  to  allow  the  formation .  of 
ibly  thick  beds  of  cither  kind,  which  may  be  traced  with 
ar  order  through  tolerably  extensive  districtit;  and  even 
e  this  regularity  does  not  absolutely  e!^st,  still.a  general 
rmity  of  character  will  be  found  to  distinguish  the  upper 
bers  of  the  series  from  its  other  portions. 

2c 
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Woodstock,  Oxfordshire,  so  remarkable  (as  we  shall  hereafW 
have  occasion  to  observe)  for  the  s'mgalar  Tariety  of  its  orgnii 
remains,  among  which  the  spoils  of  birds,  land  animals,  m 
amphibia,  occur  mingled  with  vegetables  and  sea  shells,  beloag 
to  the  same  part  of  the  series  with  the  forest  marble.  Tbi 
assemblage  of  beds  here  worked,*  consists  of  two  fissile  bedsofi 
buff  coloured  or  grey  oolitic  limestone  called  pendiej  eid 
about  two  feet  thick,  separated  by  a  bed  of  loose  calcarN 
siliceous  sandstone  called  race^  about  the  same  thickness.  Coo 
cretions  are  frequent  in  the  latter  (G.  Notes),  and  are  caHei 
uhim^stones  orpotiids;  they  arc  partially  oolitic,  sometimes  bio 
in  the  centre,  and  vary  from  six  inches  to  tu  o  feet  in  diameter 
their  form  is  generally  that  of  a  flattened  sphere  ;  they  dom 
break  conrentrically,  but  into  parallel  planes ;  and  they  ofte 
contain  shells.  The  pondle,  after  being  quarried,  is  suiferesd  t 
lie  exposed  to  the  action  of  a  winter's  frosts,*  and  the  block 
being  then  struck  on  their  edge  with  a  mallet,  freely  sepattt 
into  slates  sufficiently  thin  to  afford  a  light  material  for  roofiaj 
The  quarries  are  principally  situated  in  the  valley  immedtatel; 
on  the  south  of  Stonesfi  Id  villagr,  which  branches  off  eastward 
from  that  of  the  Evenlode.  The  mode  of  working  is  by  drifinj 
horizontal  galleries  about  six  feet  high  into  the  side  of  the  hill 
and  then  extracting  the  two  strata  of  pendle  laterally,  pilini 
up  the  refuse  masses  of  the  intermediate  bed  of  race,  so  ast 
support  the  roof:  deep  perpendicular  shafts  communicate  wit! 
these  galleries.  These  workings  have  b<»en  carried  on  froi 
remote  times  to  a  considerable  extent,  so  that  both  sides  o 
the  valley  are  completely-  honey-combed  by  them.  BeautifaU; 
plumose  stalactites  are  often  found  in  the  fissures  of  the  rock 
and  are  called  by  the  workmen,  from  an  obvious  though  coan 
analogy,  tallow. 

Beds  of  calcareous  slate  also  occur  in  the  oolites  of  tbi 
system  at  Easton  and  Collyweston  in  Northamptonshire,  a  fei 
miles  south  of  Stamford,  and,  it  seems  probable,  belong  to  thi 
same  part  of  the  series  with  those  above  described ;  we  htri 
however  no  particular  description  of  these  quarries.  The  slati 
of  Stonesfield  is  much  more  calcareous  than  that  of  Collj 
weston,  which  is  stated  by  Bishop  Watson  (Chem.  Ess.  voL  if 

'  *  At  Stonesfield,  the  pendle  is  raised  in  blocks  about  a  foot  thick,  m 
only  between  Michaelmas  and  January.  As  soon  as  they  are  raised,  tin 
blocks  are  wetted,  and  covered  with  earth,  until  there  is  a  prospect  o 
frost,  when  they  are  uncovered;  but  if  the  frost  goes,  are  inuocdiatel] 
covered  again,  or  they  would  not  split.  The  action  of  frost  opens  th 
joints  of  the  slates  sufficiently  for  a  blow  with  a  mallet  to  complete  tin 
operation.  The  price  of  slates  at  the  pit  is  about  408.  per  1000  of  tlK 
ordinary  uze|  but  they  have  been  obtained  so  large  ja  21  feet  square  (0 
Notes) 
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>•  316)  to  imbibe  more  water,  and  retain  it  for  a  longer  time 
kan  the  Westmoreland  slate ;  bat  it  does  not  imbibe  half  so 
Bach,  nor  retain  it  one-fourth  the  time  that  a  common  tile 
ices.  (G.  Notes.)  In  this  part  of  the  country  also,  the  escarp* 
Bent  on  the  right  bank  of  the  Nen,  between  Higham  Ferrers 
ind  Peterborough,  exhibits  beds  resembling  forest  marble  at 
Rannds  and  Stanwick. 

The  whole  mass  of  this  oolitic  system  in  Dorsetshire  (ex- 
cepting the  inferior  oolite  and  its  sand)  presents  the  fissile 
rharacter  of  the  forest  marble;  but  it  seems  more  probable 
that  the  great  oolite  here  passes  into  this  structure  (as  it 
indoubtedly  does  occasicnally  in  other  places),  than  that  the 
forest  marble,  generally  a  suborbinate  bed  only,  should  here 
iwell  to  SHch  a  disproportionate  thickness,  and  the  great  oolite 
itself  be  wanting.  i 

No,  7.  Ciaj^  over  the  upper  oolite^  or  Bradford  clay^  consists 
if  a  common  blue  marly  clay,  which,  at  the  point  of  its  contact 
rith  the  great  oolite,  is  replete  with  the  peculiar  organic  re* 
nains  hereafter  to  be  described.  It  is  sometimes  wanting,  and 
t  then  becomes  impossible  to  distinguish  the  upper  beds  of 
ihe  great  oolite  from  those  of  the  forest  marble. 

No.  8.  Great  OoUte,*  This  is,  both  in  thickness  and  utility. 
If  far  the  most  important  of  the  British  oolites  :  it  consists  of 
k  stratified  calcareous  mass,  varying  in  thickness  from  130  to 
Bore  than  200  feet ;  softer  and  harder  beds,  (the  former  cha- 
(BCterized  by  those  distinct  oviform  concretions  which  give 
lame  to  this  series  of  rocks,  the  latter  exhibiting  them  more 
rarely  and  obscurely)  alternate  in  this  mass  of  strata.  The  for- 
aer  afford  the  freestone  which  renders  this  rock  so  valuable ; 
bat  these  strata  vary  much,  both  in  thickness  and  qaality,  even 
in  quarries  in  the  same  neighbourhood.  The  Kettering  free- 
ttone  of  Nortliamptonshire  is  rendered  extremely  beautiful  by 
the  distinctness  of  its  oolitic  structure :  that  of  Bath  has  gene- 
rally a  finer  grain  :  this  has  been  employed  in  the  late  repairs 
»f  Henry  the  Seventh's  chapel  at  Westminster.  St.  Paul's  was 
boiit  principally  from  the  quarries  about  a  mile  north  of  Bur- 
brd  in  Oxfordshire.  Fragments  of  comminuted  shells  may  be 
observed  in  all  the  varieties  mingled  with  the  ova,  but  so 
;oDpJetely  broken  down  that  it  is  generally  impossible  to 
licertaiu  their  species ;  hence  arises  the  rarity  of  such  speci- 
aaens  from  this  rock,  and  our  consequently  imperfect  know- 
ledge of  its  fossils.  The  colour  of  the  freestone  beds  is  gene- 
rally white  with  a  light  cast  of  yellow.  Of  the  other  beds, 
some  are  grey,  some  almost  blue  in  the  middle:  sometimes 

*  We  have  j^rincipally  Copied  thii  description  from  Mi.  Scmxhk, 
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also,  beds  of  a  brown  ferraginons  cast  are  interposed,  especisllj 
at  the  bottom  of  the  series  near  its  junction  with  the  fnUenf 
earth*  The  upper  beds,  in  which  the  shells  are  more  distinct, 
and  which  afford  indifferent  freestone,  cannot  be  eoilj  dis- 
tinguished from  the  forest  marble.  The  structure  of  the  fies- 
stone  is  in  thickly  bedded  masses,  which,  if  traced  to  a  distncs, 
will  often  be  found  to  thin  out.  Many  of  the  other  bedi 
exhibit  a  laminated  cleavage,  not  parallel  to  the  greater  liBM 
of  stratification,  for  which  they  have  sometimes  been  mistakes, 
and  thus  given  rise  to  accounts  of  highly  Inclined  beds  iltcf* 
natuig  with  horizontal  ones  in  this  rock  :  many  appearances  of 
this  kind  may  be  se^n  in  the  quarries  near  Badmington  paii, 
the  Duke  of  Beaufort's  seat  in  Gloucestershire. 

Traces  of  magnesia  have  been  discovered  in  some  of  dMM 
beds  on  the  Cotteswold  hiUs,  otherwise  they  appear  to  be  s 
tolerably  pure  carbonate  of  lime,  dissolving  in  acids  with  veiy 
little  residnnm.  Thin  partings  of  clay,  and  sometimes  lai|S 
irregular  interposed  masses  of  that  substance,  may  be  obsened 
between  the  upper  strata. 

(b)  Mineral  contents.  Scarcely  any  thing  occnrs  in  tUi 
series  which  deserves  to  be  noticed  under  this  head.  Caicareoos 
spar  is  almost  the  only  subs-tance  which  presents  itself.  Of 
this,  the  finest  specimens  are  those  from  Stonesfield,  which  are 
of  a  bright  transparent  yellow  ;  they  occur  as  stalactitic  massei, 
forming  sometimes  fine  slender  tubes,  and  sometimes  beanti* 
fully  radiated  and  plumose  crystallizations.  Quarti  crystals 
hare  been  found,  but  are  extremely  rare ;  and  even  that  uoi- 
versal  mineral,  iron  pyrites,  is  scarcely  to.be  seen. 

(c)  Organic  remains.  The  variety  and  abundance  of  these 
compensates,  as  is  usual  in  the  secondary  rocks,  for  the  bar* 
renness  in  their  mineraiogical  list :  here  we  have  also  in  one 
bed,  the  most  singular  assemblage  of  organic  remains  presmted 
perhaps  in  any  formation,  comprising  land  animals,  birds,  in^ 
sects,  amphibia,  fishes,  shells,  and  vegetables.  The  organic 
remains  are  however  chiefly  to  be  sought  for  in  the  upper  beds, 
the  great  oolite  itself  affording  but  few  perfect  specimens, 
although  replete  with  comminuted  fragments.  We  shall  pre- 
mise some  general  observations  on  the  distribution  of  these 
remains  in  the  different  beds,  and  then  give  lists  in  parallel 
columns  of  the  shells  which  have  been  figured  from  each  of 
them. 

-    The  Combrashy  as  Mr.  Smith  observes,*  though  altogether 
but  a  thin  rock,  has  not  its  organized  fossils  equally  difinsed  or 
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*  The  following  notices  arc  principally  copied  from  Mr.  Smith,  as  far 
the  begixming  of  the  nouc^  on  the  ^-dxticuUr  familiei  of  organic  remadas. 
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promiscuoasly  distributed  :  the  upper  beds  of  stone  which 
coapose  the  rock,  contain  fossils  materially  different  from  those 
in  the  under ;  the  clusters  of  small  oyster  shells  and  the  stems 
of  the  pentacrinus  lie  near  together,  and  not  many  others  are 
Ibond  near  the  bottom  of  the  rock. 

In  the  ForeU  marble^  tliough  its  various  beds  are  composed 

of  little  else  but  a  mass  of  shells,  loost*  and  whole  specimens 

ire  rare,  and  extracted  ivith  great  difiiculry.     A  few  however 

ne  occasionally  found  in  tlie  clay  between  the  stone ;  bones, 

"teeth,  and  wood,  firmly  imbedded  in  the  rock,  are  some  of  its 

MMt  characteristic  indications.    Pickwick  and  Atford  quarries, 

a  few  miles  east  of  Bath,  used  to  be  mo!<t  famous  for  these ; 

bat  since  it  has  been  generally  understood  that  the  same  stra- 

tom  may  uniformly  be  expected  to  produce  the  same  organized 

fossib,  other  quarries  of  the  same  stone  have  been  searched 

ud  found  to  contain  them.     Small  turbinated  shells  are  fre« 

qaent  in  this  rock:  the  univalves  are  more  common  in  the 

thin,  the  bivalves  in  the  thicker  beds. 

If  the  Calcareous  slate  of  Stonesfield  be  correctly  assigned 
to  this  part  of  the  series  (which  is  rendered  still  more  probable 
by  the  occurrence  of  the  same  teeth  and  palates  in  both  in- 
stances), we  here  find  the  only  known  instance  in  which  the 
rtmains  of  birds  and  terrestrial  animals  hare  been  found  in 
beds  of  antiquity  at  all  approaching  to  these ;  they  here  occur 
mingled  with  winged  insects,  amphibia,  sea  shells,  and  vege- 
tables, presenting  at  once  the  most  interesting  and  difficult  of 
problems  connected  with  the  distribution  of  organic  remains. 

The  Clay  above  the  great  oolite  contains  few  fossils,  except 
ia  its  lowest  bed,  where  in  immediate  contact  with  the  upper 
sorface  of  the  subjacent  oolites ;  but  in  this  point  it  abounds  ' 
with  remains  of  the  pear  encrinus,  with  many  small  coralIoidS| 
and  several  peculiar  terebratula. 

The  Great  oolite.  In  ttie  great  mass  of  this  rock,  as  has 
been  before  observed,  perfect  remains  are  rare,  from  the  gene- 
rally comminuted  state  in  which  they  occur ;  in  some  of  the 
upper  beds  however  they  are  more  easily  distinguished.  Many 
small  turbinated  shells,  like  those  of  the  forest  marble,  here 
occur  in  the  stone,  and  a  bed  containing  numerous  madrepores, 
several  of  which  appear  identical  with  tl.  jse  of  the  coral  rag,  is 
also  found  in  part  of  the  series.  Most  of  the  fossils  of  the  sub- 
jacent clay  are  also  common  to  the  upper  beds  of  the  oolite. 

We  proceed  to  a  more  particular  enumeration  of  the  families 
of  organic  remains  occurring  in  these  beds. 

Vbrtbbral  animals.— lUTamniaiia.  The  calcareous  slate  of 
Stonesfield  presents  bones,  believed  by  Mr.  Cuvier  to  belong  to 
m  species  of  Didclphys,  one  of  the  opossum  U\bv  \  \\ve>)  'Jl\^ 
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absolotel  J  imbedded  in  the  slate,  together  with  Tarioiu  muiat 
remainsy  and  not  subsequently  intruded  into  its  fissaret ;  tky 
present  therefore  an  unique  Instance  of  the  occurrence  of  beiiigi 
of  such  an  order,  in  strata  older  than  the  youngest  membeis  d 
the  superior  or  tertiary  class. 

-  OviPAHous  auAj>RUPi'08. — Souri,  A  wcll  characteriied  crs- 
codile,  but  of  a  species  distinct  both  from  those  now  knowi  ts 
exist,  from  those  found  in  a  fossil  state  in  Germany,  and  fiw 
one  at  least  of  the  French  fossil  species,  has  been  dog  up  M 
Gibraltar  near  Oxford,  and  is  now  in  the  coilection  of  dM 
UniTcrsity ;  it  is  from  a  bed  towards  the  upper  part  of  ftii 
oolitic  system,  perhaps  the  Conibrash* 

An  immense  animal,  approaching  in  its  dentition  and  ^ 
racters  to  the  Monitor,  occurs  at  Stonesfield  in  the  calcareiM 
slate ;  specimens  ha?e  been  found  which  must  have  beloofel 
to  an  animal  40  feet  long  and  13  high :  the  lower  jaw  TertehiV 
and  extremities  are  preserved  in  the  Oxford  collection*  li 
many  resprcts  this  animal  bears  a  great  analogy  to  the  Lacefli 
gigantea,  described  by  Sccmmering  in  the  Munich  Transactions  * 
as  being  found  in  Bavaria.  See  a  translation  of  his  Memoir  ii| 
the  Annals  of  Philosophy  for  September  1821. 

The  Ichthyosaurus  has  not  yet  been  noticed,  but  as  it  ocean 
in  the  beds  both  above  and  below  these,  it  is  probably  to  In 
found  in  this  part  of  the  series  also. 

Testudines. — liemains  of  t^o  or  three  species  of  Tortoiis 
occur  in  the  Stonesfieid  calcareous  slate. 

Fishes. — Teeth,*  palates,  and  vertebrae  of  fishes  of  several 
varieties  are  found  both  in  the  Stonesfield  slate  and  in  the 
Torest  marble  of  Atford  near  Bath :  the  same  varieties  seem  to 
be  common  to  both  places. 

Birds. —  Leg  and  thigh  bones,  apparently  belonging  to  birds, 
arc  imbedded  in  the  Stonesfield  slate. 

Insects. — Coleopiera.  Specimens  which  have  been  decidedlj 
pronounced  by  Dr.  I^ach  to  be  the  Elytra  of  Coleopteroai 
insects,  occur  in  the  Stonesfield  slate ;  they  are  of  two  or  three 
different  species. 

Crustacea. — Two  or  three  varieties  of  the  Crab  or  Lobster 
tribe  occur  also  in  the  Stonesfield  slate. 


*  These  little  fbisil  productions  were,  a  centtiry  since,  in  caramon  v* 
with  the  ladies,  as  ornaments;  and,  what  is  a  still  more  singular  circum- 
stance connected  with  their  hiMory,  they  seem  to  have  been  applied  to  the 
same  purpose  by  our  ancient  British  ancestors :  as  several  strings  of  than 
were  discoverea  in  the  Wiltshire  Barrows,  among  other  ornaments,  opeoed 
by  the  late  Mr.  Cunnington,  of  Heyte<«bury  ;  and  now  preserved  bj  kit 
widow,  in  her  exquisite  collection  of  Ban  ow  antiquities. 
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It  is  imposBible  to  close  this  list  of  tbe  remains  of  so  many 
tribes  of  the  rarest  occurrence  in  a  fossil  state,  and  mostly  un- 
known in  the  older  rocks,  thus  singolarly  assembled  and 
Bungled  together  in  a  single  and.  insignificant  formaUon,  and 
that  in  one  limited  spot,  without  remark.  Those  acquainted 
irith  the  general  distribution  of  organic  remains,  but  not  with 
tile  locality  in  question,  would  naturally  be  led  to  suspect  that 
■one  of  tbem,  for  instance  the  remains  of  the  didelphys,  the 
Ijfads,  fmd  the  coleopterous  insects,  must  hare  been  introduced 
iito  firtures  of  the  regular  strata  at  a  subsequent  and  compura- 
tifely  recent  period,  in  the  same  manner  as  the  bones  discorered 
iathe  rock  of  Gibraltar  :  but  the  slightest  examination  of  the 
spot,  or  even  of  the  slabs  brought  from  thence  and  containing 
tkeie  remains,  will  at  once  remove  this  suspicion,  since  they 
sre  Ibimd  intimatelj  as>ociated  with  the  shells  which  charac- 
tniie  this  part  of  the  oolitic  series.  The  beds  themselves  are 
sfao  most  clearly  to  be  traced  holding  a  regular  course  together 
^h  the  superior  and  inferior  beds  of  tliis  oolitic  system,  and 
OBDot  therefore  be  considered  as  a  local,  overlying,  and  recent 
deposit.  Several  varieties  df  shells,  the  most  characteristic  of 
'Which  is  a  small  studded  trigonia,  and  several  vegetables,  prin- 
cipally flags,  ferns,' and  mosses,  occur  in  the  same  beds.  Speci- 
■Bens  of  all  these  remains  are  preserved  in  the  collection  at 
Oifbrd;  and  Professor  Buckland  has  obtained  beautiful  and 
•cconUe  drawings  of  the  whole  series.  It  is  greatly  to  be 
derired  that  these  may  shortly  be  submitted  to  the  public. 


We  must  account  for  the  presence  of  the  Didelphys,  birds, 
lad  Coleopterous  insects,  in  the  same  manner  as  we  do  ibr  the 
vood  and  remains  of  land  vegetables  not  imfrequent  in  the 
strata :  the  amphibia  may  have  belonged  to  species  principally 
marine.  It  is  evident  from  peculiarities  in  their  structure,  that 
Vttav  of  the  fossil  animals,  generally  resembling  the  amphibia, 
^Ted  entirely  or  almost  so  in  the  sea,  and  were  tp  the  now 
existing  amphibia  what  the  cetacea  are  to  mammalia. 


2d 
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Cornbrash, 


Avicuia, . 
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From  the  Testacea,  we  may  proceed  to  the  Echinitalfam 
Here  we  have  several  species  of  the  family  Cidaris,  which 
not  appear  to  be  strongly  distingnished  from  those  of  the  a 
rag,  and  occur  principally  in  the  Cornbrash,  in  the  clay  o 
the  great  oolite,  and'  in  the  upper  beds  of  that  rock.  Of 
family  Clypeus,  the  Clypeas  sinitatns  and  cluniculariiapp 
to  be  found  in  all  the  beds ;  and  in  the  -Cornbrash,  and  c 
over  the  great  oolite)  is  a  ^eT^  d<&^t«i«^d  «\iectes  of  Cona 


nth  its  sina.^  fili-L- ui  i»'»  tif-  •i*»i*  7'_*.  •»  ir  oAirr:^ 
Of  tii#-  £wcrmi7fl.  ftfiiii. .  :r.  •«"..  -j:-..  :"— •  r^r^.t 
pett  <K»liu- fiTtsMfn'  M»»*  •:i#--e*  •■  ' -ii:-t  -;iiii— .  jm  uk»  :.*■' 
Oftr  ibf  eruAT  iM»iii* .  luj- *!•  •"  «  ":  ':♦■  iTTnr-  ir-u-  ••  txjk 
lock,  i^ distiuffUMiM-f:  i»^  '  -  ''i-- ..••..  ^  t  »  ;  «j«'<*  i  -.s»-.:t^ 
the Penr  Ell t* rill n*  o'  lJmi!«ifTi.   ■...-  -  :••••  -in'*-  ••  _••:•     wui-r"- 

■InJCiurf'  (»f  tl»»***  ^iiun-Lj-  '•  i"_  .  ;:.:  -::_". "  *i^-  "i  Ut-  n»'«c 
IBple  hcaie  BTf  i:iv»-i..  V-  ▼•■,.-•  .•#•  tjw— .i  l^"  »•  iit*  larit* 
•ftbe  Cfolafrical  dtairiuu'.im  ••  :ar-  Lji.-*iir.  —  a*  uiuitti 'rn^ 
(htt  mcyrk.  * 


Tlie  claw-  €»r  Kau^riHt"'^  »r  .iint-:.  =  i!-"Ti»it  J-^t  ^ur-;*  af 
IjbutJL.  present*-  *^'.«fTsi  -«#•■  ••-  n  i  i*-:  u^ar  :i»*  lui'-'i:  ii» 
fitit  oolitf.  •lufii'ji'^r  a:"'ir.i«M  i^-.  ^.i'""-  i»*--a.  z:«^*a.  it 
them  to  di^iiuiniifai  i»*-»-*'i  »-  -r:*^.- nr  •»'  ;u^  -^tr-tT  aiiL  ti» 
C9q1  nu: :  ii  ajij»»a*i..  !«•*•  ■-•'•  m  -le  ▼im-.--.  -l^  j.  Tu*i9fifin«s£ 
CarTPj>h"vih«-  a  la'r^  Tacio—  "ii*  iiiixr»«itt"iiiii;  .\ii— -"lii  yHn 
drduu^.  aij'  ^tiijhl.  :  «i*-~*"-l  Tuiiii*-*'  nji*  ai:"'«-si  ].:ii;  .  I'-.tli^. 
^or  c**fpitcMa.  ar*.  iiu'-l'-  h  lit  tiK:inrus«if*L  intn  i-f**^  u 
•be  roriil  n^r  :  wii.*.  tin  -oini*  •"n.a-i  »«.  ai':»  -  n  c  ^tf-i*^* 
•^AMm  spftntbC'liiuc  A  iiJvi*-£«  ni'-  \ua-  -ti'-^*  ii-=  *•«::..  xr.it--' 
'irieijet'  of  Artre*  Ciscn  rut-<ii^t  i*  "i"  ■•••ui-ia*  U*"\  i-.  '.if-r 
''ttss,  ind  tiM*  df-iirarj  ?••"  -.:i«*i-  «ur^- .  ¥  iii:i  — -:i  i*--'  L-iiir  ii 
•be  neat  oolite  :  li»c  "jui-  l  ir-«ii'  umr  «:^—,-  i,-  (.^t  :iiiL  •  •- 
^•'red  with  *t*n  ia'f-ik-7  OK^twtt-c-  l^i*  :»*■•.  i.l..  •  'i  ii-  jz'*'V. 
^t»,  and  win*-  of  h*  *mpi*-Cii.-*.7  -aTf-— .h'-i-  i*"t- 

Hiese  remark  «•  l»c»w*'»*'.  l-*-  of***-:  «»i    ■   -i     :•     '\'i      n: 

^  to  flirt  her  »-XEzinaiic«L  (•!  i"  i*  tiivt*-.  •?       I'.ri:'—  •     -»»r  •  :' 

Tie  foreM  iu*j^  •<•  ^'Ccsuiaf  &  ie«  k*^-j*^  i«f  fc»— •  l- 

The  cUv  ahxiT^  tt.*-  c-»a!  '■'■•J'?*  C'Wwaiit-  i  -^'^ ;  >•  '•'^  • .  'li'l-f. 
(•■drepora  pcrpii*^-).  a  fub/pcrt.  vikC  h  -rrt.  !»lt  i**-*^! 'l' 
Tiiietyof  briTir}iiii£  mi.lejfort.  w::!.  -t^  ;•:•:•?  r.-x  •-•itz.rT 
irraogfd  in  *piral  in*-*  roncd  tb*:  brk* '  ii*--.  l^c»our:»L\-  '•? 
Us  addition?  tn  hi*  repobiiratiori  of  Kiii-V  «o7*^  oi  :criLr.  L(l^ 


*  Amanp  the  cxtraDeook  frjM-->:«  xjr.'ticbdcti  :a  *.Lt  wrju  c-i-y-  :be  bof: 
aftcratiog  are  die  Enciinisn.  Enc  suei  eo  bi  t:.^  £.t^.  zpfT.:^r7.iz  Ric^ATCua 
aBurfield,  near  the  »iiinmii  oi  u,t  fail,  uxi'i.'<«  -c-.'/'tLTX  h*=.jpv  ^^'  ^I't^h 
kidfoxd  •tandf.  They  wer*  next  di«:oTercd  «■.  -ir-  c  f  :hc  r.rtr,  pa  ih^ 
btCkc  of  the  rock,  io  the  s^znt  bed  of  wh'ie  cir.  but  irore  Thar.  IM  feet 
Dwer  than  Barfield,  and  a  littJe  elevated  a^oix  the  level  of  the  rivet, 
inlljr,  they  were  traced  on  the  summit  of  the  oppoaic  biii,  yci  always 
lepouKcd  ia  thdr  proper  bed.    (T.  ^66. ) 
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gi?en  correct  figures  of  this  fossil  under  the  Bane  JWebeOmk 
ramosissima,  PI.  82.  fig.  !• ;  it  is  also  coarsely  figured  in  Smitfali 
pkite. 

From  the  figures  given  by  Lamonroux,  a  flnstrifonn  oonl- 
loid,  Berenicca  diluviana  Pi.  80.  fig.  5,  and  one  of  the  Cellarii^ 
Alecto  dichotoma  PI.  81.  fig.  13.  Two  small  Tarieties  may  bt 
cited  as  often  found  in  the  clay  aboTe  the  great  oolite  iuTertfaig 
its  shells.  

Irregular  cylindrical  branches  often  occur  in  all  these  beds, 
which  appear  to  have  derived  their  origin  from  aleyonki}  aid 
in  the  great  oolite,  well  characterized  fragments  of  tbeie 
soophytes,  exhibiting  distinctly  their  spongy  and  cellulartn* 
tare,  may  be  frequently  traced.  In  the  upper  beds  of  tto 
great  oolite  wc  may  observe  congeries  of  minute  mlUeporet  ind 
cellepores,  and  the  small  varieties  of  tubercular,  ramoie,  and 
perforated  sponges,  figured  by  l.iamouroux,  tab.  M«  f.  5  to  lOl 
as  distinct  species,  but  which  are  more  probably  only  indi- 
viduals in  diflferent  stages  of  growth  and  states  of  contraction* 

In  all  these  beds  fragments  of  fossil  wood  may  be  traced, 
and  more  particularly  in  the  forest  marble. 

The  Stonesfield  calcareous  slate  exhibits  many  beantiM 
vegetable  impressions,  chiefly  ferns,  fiags,  and  mosses,  many 
of  which  nearly  resemble  those  of  the  coal  formation. 

(fl)  Range  and  extent.  The  formations  from  the  cora- 
brash  to  the  great  oolite  inclusively,  form  the  mass  of  a  well 
defined  range  of  hills  traversing  the  island  diagonally  fnm 
Yorkshire  to  Dorsetshire,  and  rivalling  or  surpassing  the  great 
chain  of  the  chalk  hills,  in  continuity,  extent,  and  elevation* 
To  this  range  Mr.  Smith  has  given  the  appropriate  name  of 
the  Stonebrash  hills^  from  the  stony  fragments  mixed  with  tht 
superficial  soil,  which  are  commonly  known  among  agricul- 
turists by  this  denomination.  It  will  facilitate  our  conception 
of  the  position  of  these  various  beds,  then,  to  state  that,  where 
they  can  be  distinguished  from  each  other,  the  Combrashb 
generally  found  forming  the  first  acclivity  of  these  hills  where 
they  bef^in  to  rise  from  the  valley  occupied  by  the  Oxford 
clay,  which  accompanies  them  on  the  east  and  south-east; 
tliat  the  forest  marble  and  calcareous  slate  extend  still  further 
on  their  rise ;  that  the  great  oolite,  emerging  from  beneath 
these,' forms  their  most  elevated  region  and  brow  ;  and  finally, 
that  the  subjacent  beds,  associated  with  the  inferior  oofitf, 
and  to  be  described  in  the  next  section,  are  displayed  in  the 
escarpment  and  slope  of  these  hills  towards  the  west  and 
curth-west ;  the  Uas  occui^'jVn^  ths  plains  at  their  foot. 
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Occasionally,  however,  especially  in  Northamptonshire  and 
Oxfoidshire,  the  causes  (whatever  they  may  have  been)  which 
have  evidently  produced  great  degradation  and  wearing  away 
of  parts  of  this  chain,  have  denuded  the  cap  of  the  great  oolite 
aear.the  escarpment  of  the  main  chain  of  hills,  and  thus  ex* 
posed  a  very  considerable  breadth  of  the  subjacent  sandy  beds, 
causing  the  oolite  to  terminate  in  a  low  terrace  (yet  sensibly 
elevated  above  the  denuded  tract),  aod  considerably  within 
what  appear  to  have  been  its  ancient  limits.  This  fact  is 
clearly  indicated  by  the  occurrence  of  numerous,  scattered, 
and  insulated  masses  of  this  rock  dispersed  throughout  the 
denuded  space.  These  masses,  which  often  occapy  more  than 
a  square  mile  in  extent  (sometimes  several  miles)  occur  not 
only  as  regular  outliers  (i.  e.  forming  the  caps  of  insulated  hills 
in  the  regular  plane  of  the  strata),  but  also  in  the  lower 
grounds  and  vallies  surrounded  by  hills  of  the  subjacent  sands, 
being  in  this  case  always  disposed  in  considerably  inclined 
planes,  as  if  they  had  been  precipitated  into  their  present 
sltnation  from  the  summits  of  the  adjacent  hills  over  which 
they  appear  to  ha?e  once  extended.  We  may  conjecture  with 
much  probability  that  the  denuding  cause  which  has  manifestly 
excavated  the  valleys  of  this  tract,  (and  which  may  possibly 
kave  been  the  currents  of  the  retiring  waters  beneath  which 
all  the  secondary  beds  of  our  present  continents  have  obviously 
been  formed)  undermined,  in  the  course  of  its  action,  these 
masses,  by  removing  the  loose  materials  of  the  subjacent  sand ; 
while  the  more  solid  beds  of  the  incumbent  oolite  partially 
•resisted  its  destructive  agency,  and  left  behind  these  relics  of 
Ui  former  extent. 

These  particulars  may  indeed  seem  more  closely  connected 
with  some  of  the  following  heads  of  description,  than  with  the 
range  and  extent  of  these  strata ;  but  they  will  be  found,  as  we 
proceed,  so  essential  to  the  full  elucidation  of  the  present  sub- 
ject, that  they  could  not  have  been  omitted  in  this  place  with- 
out manifest  inconvenience  :  and,  havinj;  thus  obtained  a  clear 
view  of  the  general  circumstances  connected  with  the  position 
of  these  rocks,  we  shall  be  enabled  to  trace  more  readily  and 
rapidly  the  particulars  of  their  local  distribution. 

Although  these  beds  form  (with  very  partial  interruptions 
arising  from  the  overlying  of  the  chalk  and  green  sand  for* 
BWtions  near  the  two  extremities  of  the  line  in  Yorkshire  and 
Dorsetshire)  a  contfaiuous  zone  extending  across  the  island 
from  north-east  to  south-west,  and  have  their  track  marked,  by 
a  line  of  hills  which,  considered  in  a  general  light,  must  be 
ffiegarded  a^  a  single  chain ;  yet  it  seems  necessary  to  break 
this  extended  Ime  into  shorter  intervabi  for  ilu^  con^meYi^.^  o\ 
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deacription,  since  we  have  to  attend  both  to  the  Qpper  bnis 
and  superior  edge  as  well  as  the  inferior  edge  of  this  in* 
portant  system  :  and  were  we  first  to  trace  the  former,  and 
then  return  to  trace  the  latter,  through  the  whole  island,  the 
eye  and  attention  would  be  fatigued  and  perplexed  by  the 
necessity  of  recurring  twice  to  geographical  positions  essentially 
connected  with  each  other;  but,  by  dividing  the  line  iato 
shorter  intervals,  and  tracing  the  superior  and  inferior  limitt 
of  this  system  through  each  of  these  in  succession,  we  keep 
the  attention  fixed  ou  the  same  district.  As  an  additiond 
argument  in  favour  of  this  method,  it  may  be  stated  that  thil 
long  chain  of  hills,  having  suffered  more  or  less  from  deim- 
dation,  in  different  parts  of  its  course,  naturally  subdifidef 
itself  into  distinct  groupes,  generally  corresponding  with  the 
divisions  we  shall  assume.  These  will  be,  I.  Yorkshire;  II. 
from  the  llumber  to  the  borders  of  Northamptonshire  and 
Oxfordshire;  111.  Oxfordshire  ;  \W  the  Cotteswold  or  Glon* 
cestershire  District ;  V.  Somerset  and  North  Dorset ;  VI.  South 
Dorset. 

I.  Course  through  Yorkshire.  In  pursuing  this  course  we 
shall  for  the  present  pass  slightly  over  Yorkshire^  reserving  to 
a  separate  article  the  considerations  Hhich  influence  our  vievf 
as  to  the  identification  of  the  rocks  of  that  district.  We  shall 
liow  therefore  simply  state  that  ue  are  inclined  to  consider 
the  oolitic  series  which  stretches  from  Scarborough  to  tht 
Ilowardian  hills,  forming  an  escarpment  on  the  south  of  the 
sandy  hills  of  the  Eastern  Moorlands,  as  rather  belonging  to 
that  system  which  we  arc  now  considering,  than  to  that  of  the 
coral  rag ;  to  which,  on  account  of  its  corals,  it  has  beat 
referred  both  by  Mr.  Grocnough  and  Mr.  Smith.  Bending 
round  from  the  llouardian  hills  towards  the  south-east,  it  be* 
comes  overlaid  and  concealed  by  the  chalk  and  green  sand 
hills  near  Pocklington  ;  but  according  to  Mr.  Smithes  late  map, 
reappears  in  the  same  line  at  North  and  South  Cave,  on  tfaa 
banks  of  the  llumber;  on  the  opposite  side  of  which,  in  the 
direct  continuation  of  this  line,  the  great  oolite  does  undoubt* 
edly  make  its  appearance :  so  that  we  have  almost  the  evidence 
of  a  (linnet  continuity  of  the  strata  in  favor  of  the  view  here 
proposed. 

II.  Course  from  the  llumber  to  Oxfordshire,  From  the 
llumber,  the  Stonebrash  hills,  which  are  here  possessed  of  a 
very  small  elevation,  stretch  due  south  through  Lincolnshire, 
the  metropolis  of  which  stands  on  their  course.  They  at -first 
divide  the  vallios  of  the  Trent  and  of  the  Ancholme  navigation, 
and  afterwards  have  th<*  valley  of  the  upper  part  of  th«  river 
Uit/iam  on  tlie  west,  and  that  of. the  lower  part  of  th«  same 
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river,  which' trends  round  in  a  singular  manner,  on  the  east. 
Their  breadth  to  the  north  of  Lincoln  is  inconsiderable,  and 
here  the  great  oolite  almost  exclusively  prevails ;  but  to  the 
south  of  J^ncoln  thej  gradually  expand,  and  it  is  said  that 
near  Sleaford  the  combrash  can  be  traced  on  the  eastern 
slope  of  the  hills,  separated  from  the  great  oolite  by  a  thick 
bed  of  clay.  From  Sleaford  we  may  trace  the  upper  beds, 
which  will  of  course  indicate  the  inner  edge  of  the  tract  occn« 
pied  by  this  series,  due  south  to  Peterborough :  *  then,  skirt- 
ing the  conAucs  of  IJniitlngdon  and  Northamptonshire,  and 
forming  the  escarpment  overhanging  the  Nen  at  Raunds  and 
Stanwiokf  where  shelly  beds  of  a  blue  colour,  sufficiently 
compact  to  take  a  tolerable  polish,  and  apparently  agreeing 
with  the  forest  marble,  are  worked  for  ornamental  purposes. 
They  proceed  hence  south  to  Bedford,];  and  then  skirt  the 
Onse  to  Backingham  and  the  borders  of  Oxfordshire ;  where, 
after  examining  the  middl-j  and  outer  edge  of  this  part  of  tlie 
oolitic  tract,  wc  will  resume  our  account  of  their  course. 

Through  this  tract,  the  great  oolite  forms  a  zone  to  the  west 
of  the  places  above  mentioned.  It  does  not  appear  that  the  line 
of  demarcation  between  the  oolite  which  is  worked  in  the 
quarries  at  Stamford  and  Kettering  on  this  line,  and  the  upper 
beds  of  this  series,  can  be  traced  with  precision.  If  the  cal* 
careoiu  slate  of  Collyweston  (south  of  Stamford)  be  justly 
referred  to  the  forest  marble,  a  line  drawn  hence  by  Raunds 
and  Sluwick  will  however  ascertain  a  part  of  this  division. 

The  western  boundary  of  the  ^reat  oolite,  and  its  junction 
with  the  subjacent  sands,  also  requires  to  be  more  carefully 
examined  through  the  south  of  Lincolnshire  and  Rutlandshire. 
It  appears  to  extend  some  way  over  the  summits  of  the  sandy 

•  The  followiog  are  the  memoraiida  made  by  the  author  of  thii  article 
in  croHing  the  ran^re  of  thii  tyttem  of  beds  from  Peterborough  by  Stan^ 
ford  towards  Leicenter.  **  Between  Peterborough  and  Castor  a  stonebrash 
mil  prevail! ;  at  Castor,  beds  like  those  of  the  forest  marble  may  be 
observed ;  at  Sutton  near  Castor  fine  oolite  is  worked ;  from  Wansford  to 
Stanford  a  closerorrained  buff  coloured  limestone  clouded  with  blue  pre- 
vails:  the  same  character  extends  quite  to  the  edge  of  the  great  oolite 
about  two  miles  cast  of  Uppingham,  where  it  is  succeeded  by  the  red 
coloured  beds  of  the  subjacent  sands.** 

i  Improperly  included  by  an  extension  (though  a  very  slight  one)  of  the 
cdnur  assigned  to  the  Oxford  clay,  under  that  formation  m  Mr.  Creenough*s 
Map. 

I  These  beds  of  limestone  are  worked  in  the  north  of  Bedfordshire,  at 
Bictioe*  at  Pelmersham,  near  Bedford,  and  at  Turvey ;  and  on  the  north 
U  Bttckiiudiamsbire,  at  Olney,  Newport  Pagnell,  Thornton,  and  Buckinr. 
ham ;  at  ficerrington  field  near  Newport  Pagnell,  the  palates  and  teeth 
which  have  been  cooudercd  as  characteristic  of  the  forest  marble,  have 
been  fbuid  togietber  with  the  Jaw  of  a  species  of  laccru. 

St 
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hills  which  overhang  the  vale  of  BeWoir.  In  Rutlandshire,  it 
extends  within  two  miles  on  the  east  of  Uppingliam,*^  a  bfiMid 
interval  between  the  edge  of  the  great  oolite  and  thfe  liif, 
being  occupied  by  the  subjacent  sands. 

From  the  neighbourhood  of  Uppingham,  the  junction  of  the 
great  oolite  and  sands  appears  to  range  by  Rockinghan  to 
Kettering  :  hence  a  narrow  tongue  of  the  great  oolite  proceeds 
south-west  towards  Northampton,  on  the  north-east  of  which 
town  it  forms  some  well  defined  hills  between  Weston  Ftifl, 
Kingsthorpe,  and  Uoughton,  but  in  many  of  the  iotermediile 
points  its  course  is  very  obscure ;  appearing,  ai  it  were,  cb- 
tangled  among  the   subjacent  sands  which  occupy  a  bnii 
denuded  tract  on  both  banks  of  the  Nen,  but  particularly  oo 
the  north,  between  Peterborough  and  Higham  Ferrere*    Oi 
the  south  of  this  denudation,  the  great  oolite,  skirting  round 
Higham  Ferrers,  proceeds  along  the  sumnit  of  the  hilh  haag* 
ing  over  the  right  bank  of  the  Nen  (not  however  quite  extend- 
'ing  to  tlieir  escarpment),  and  ranges  about  a  mile  south  of 
Northampton.  It  thence  pusses  a  little  on  the  south  of  Blisworth 
Tuunel  on  tlie  grand  junction  canal ;  but  there  occurs  a  de- 
tached portion  of  it  considerably  to  the  north  of  this  line  m 
the  east  of  the  road  from  Northampton  to  Althorp,  extending 
from  Duston  to  the  edge  of  I^ord  Spencer's  park.     This  oolifie 
tract  is  not  in  the  n*gular  and  elevated  plaue  of  that  stratum, 
but  appears  to  be  a  vast  subsided  mass,  being  situated  at  t 
considerably  lower  level  than  the  hills  of  the  red  sand  (inferior 
to  the  oolite  in  regular  geological  position)  which  overhang  the 
town  of  Northampton ;    particularly  Hunsborough   hill,  dis- 
tini^uished  by  its  ancient  circular  camp  :  yet  it  is  clearly  idea- 
titied  by  its  characters  and  fossils  with  the  oolitic  bc^s  which 
occur  on  the  summits  and  backs  of  these  very  hills,  in  their 
regular  and  undisturbed  position.     The  exact   boundaries  of 
this  insulated  oolitic  tract  are  often  ob^^cure ;  as  far  as  it  wis 
possible  to  trace  them  in  a  single  examination,  they  are  cor- 
rectly indicated  in  Mr.  Greenough's  Map. 

West  of  Blisworth  Tunnel,  the  oolite  advances  to  the  north 
as  far  as  Stowe-nine-churches  :  but  a  considerable  denudation 
again  exposes  the  subjacent  sandy  strata  in  the  neighbourhood 
of  Towccbter,  round  wliich  town  the  inferior  edge  of  the  gmt 

*  Tiie  colour  of  the  inferior  oolite  and  sands  in  Mr.  Greenough*k  Map 
is  here  in  some  copies  carried  too  far  to  the  cast ;  but  the  dotted  linei  are 
correct,  or  nearly  so. 

+  The  lines  of  junction  given  in  this  part  of  Mr.  Smith's  Map  are  pordy 
imaginary.  Mr.  Grecnough*s  exhibits  a  near  approximation  to  correct- 
ness ;  al)soIute  correctness  could,  from  the  obscurity  of  the  ground,  be 
attained  only  by  an  observer  lon^  icudcut  lu  the  county. 
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Mlite  skirU  ob  the  south  and  west,  about  two  miles  distant 
fam  it,  proceeding  westwards,  by  Blakesly  to  Culworth  (the 
Mact  line  of  junction  being  however  in  this  part  of  its  course 
faqneutly  obscure)  :  hence  it  trends  to  the  south,  forming  the 
Muiit  of  the  range  of  hills  whkh  skirt  the  valley  of  the  Cher- 
vili  about  five  miles  distant  from  the  course  of  that  river, 
which  it  approaches  still  nearer  at  Ay nhoe.  * 

III.  Course  through  Oxfordshire.     Having  thus  traced  the 

irferior  edge  of  this  oolitic  system  into  Oxfordshire,  as  we 

hive  previously  done  its  upper  edge,  we  shall  in  the  next  place 

tiace  both  the  edges  through  that  county,  which  will  on  many 

•cooonts  form  a  convenient  division.     Resuming  then  our  ac« 

cnut  of  the  upper  beds  on  the  borders  of  Buckinghamshiro 

md  Oifbrdshire,  whiilier  we  have  already  pursued  them,  we 

find  the  same  blue  and  slielly  beds  wlHch  we  had  noticed  at 

Asckinghaai,  worked  at  Marsh  Gibbon,  A mbrosden,  and  Mer- 

tam^^  forming  a  very  low  swelling  ground  on  the  north  of 

Otnoor,  and  separated  by  a  tolerably  thick  bed  of  clay  from 

the  great  oolite ;  at  Bletchingdon  about  three  miles  on  the  east 

of  Merton,  a  rock  appearing  to  possess  similar  characters  with 

tile  forest  marble  has  been  worked  for  tomb-stones,  &c.     The 

pillan  in  the  inner  quadrangle  of  St.  John's  college  Oxford,  are 

Iron  these  quarries,  and  the  chimncy*picccs  in  some  of  the 

neighbonring  villas  built  in  Charles  the  Second's  time,  appear 


*  The  raidcnce  of  the  author  of  Uiis-  article  ia  this  part  of  the  country 
hat  cniblfd  him  to  trace  this  portion  of  the  course  of  the  (wlites  more  ia 
chedetnl.  Colworth  village  stands  on  a  brow  formed  of  the  subjacent 
It  itniBy  against  which  the  oolite-  here  appears  to  terminate  abruptly, 
mg  imoicdiately  oo  the  south  of  the  vilb^ :  hence,  the  line  of  junc* 

i**"!!^  fouth,  passing  just  above  the  brook  on  the  east  of  Thorpe 

Mandcvfile  church,  where  tne  whole  summit  of  the  hill  is  occupied  by  the 
•ttl^ccnt  sand  "piere  is  however  a  subsided  mass  of  the  oolite  imm^ 
diately  at  the  foot  of  the  hill  on  the  north-east  of  the  church  t  and  about 
five  miles  to  the  north  of  this  place  and  of  the  general  line  of  junction, 
there  it  another  subsided  mass,  near  Woodford,  half  a  mile  east-soutli-eaa 
of  the  village ;  the  beds  here  dip  under  an  angle  of  iU)"  to  the  south,  and 
are  worked  as  limestone  quarries.  Proceeding  south,  the  oolhe  attains 
ibe  brow  of  the  escarpment  lookinr  down  on  Marston  St  Lawrence,  on 
wUeh  the  villaeeft  of  Gretworth  and  Fartliinghoe  are  built;  thence  con- 
^■■"w'g  above  the  Spa  at  Astrop,  to  Aytihoe.  Strictly  speaking,  the  beds 
which  have  been  here  denominated  oolite^  are,  at  tneir  line  of  junction 
-with  the  sands,  rather  to  be  considered  as  referable  to  the  fullers'  earth 
rock  of  the  neighbourhood  of  Bath  /that  which  stand*  at  the  head  of  the 
neat  tcctioo)  with  which  they  closely  agree  in  their  characters  and  fossib. 

-f  Mr.  Smith  has  extended  toe  colour  of  the  dunch  day  over  this  ridge ; 
and  the  tame  error  is  committed  in  most  copies  of  Mr.  Greenougli't  Map^ 
but  the  dotted  lines  placed  to  direct  the  artist  who  coloured  the  maps,  m- 
dicate  it,  though  they  have  not  been  attended  to.  The  lines  drawn  to 
indicate  the  coarse  of  the  forest  marble  in  this  part  of  Mr.  Smith'i  Map^ 
irt  purely  imaginary. 
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to  hive  been  formed  of  it.  The  rock  on  the  sooth  of  Blelcfa- 
ingdoD,  as  far  as  Islip,  anil  on  the  first  hill  bejond  this  nlhgi 
on  crossing  the  little  river  Ray,  af^ree  safficientlj  both  fa 
character  and  position  ^ith  the  combrash.  At  the  point  lail 
mentioned  they  approach  within  half  a  mile  of  the  coral  n§ 
leries ;  so  that  the  intervening  clay  must  be  here  comparstiTeij 
thin. 

If  any  regular  division  of  the  upper  beds  of  this  scries  fnoi 
the  great  oolite  can  be  here  traced,  it  must  probably  cross  the 
Cherwell  a  little  to  the  north  of  Enslow  bridge ;  since  the  beds 
at  Gibraltar,  close  to  this  place,  agree  most  nearly  with  the 
Cornbrash.  Here  the  remains  of  a  well  characterised  crocodile 
have  been  found.  The  section  afforded  by  a  well  sunk  al 
Blenheim  appear  to  confirm  this  line ;  it  is  as  follows ;  lioir* 
stone  rock  70  feet ;  blue  clay  succeeded  by  a  lighter  clay  \i 
which  was  the  water,  10  feet ;  total  depth  80  feet :  the  witm 
was  probably  in  this  instance  carried  by  the  clay  above  thi 
great  oolite.  The  ciop  and  course  of  this  clay  on  the  surface 
has  not  been  clearly  ascertained,  but  may  probably  be  tracM 
along  the  ravine  between  Ditchley  and  Blenheim  parks  >*' 
then  along  that  on  the  north  of  Stonesfield  which  opens  at  tk 
village  of  Fawlor  (south  of  Charlbnry)  into  the  valley  of  th 
£venlode.  Crossing  the  Evcnlode,  the  forest  marble  beds  ap 
j^ear  to  crown  the  hills  through  the  forest  of  Whichwood 
whence  its  further  course  will  be  most  conveniently  treated  c 
when  we  proceed  to  trace  the  course  of  these  beds  thnwg 
Gloucestershire,  since  the  Evenlode  seems  to  form  the  natan 
boundary  between  the  system  of  hills  connected  with  the  op 
lands  of  North  Oxfordshire,  and  those  dependent  on  th 
Cotteswold  hills. 

The  boundary  of  the  Oxford  clay  and  Cornbrash  may  b 
sufficiently  assigned  by  a  line  drawn  from  Kidlingtoo  on  tb 
River  Cherwell  to  the  north  of  I^chlade  on  the  borden  € 
Gloucestershire. 

Having  thus  traced  tlie  inner  edge  and  upper  strata  of  tfai 
oolitic  series  through  Oxfordshire,  we  may  proceed  to  tnc 
the  inferior  and  exterior  edge  through  the  same  district,  sine 
the  natural  divisions  of  the  country  coincide  in  this  instanc 
with  the  political,  inasmuch  as  the  range  of  these  bods  throig 
Gloucestershire  (on  which  we  shall  next  enter)  forms  thecoa 
tinuous  range  of  the  Cotteswold  hills,  which,  having  suffeie 
less  from  the  denuding  causes  that  appear  to  have  ravaged  tb 
tract  now  under  consideration,  present  less  complicated  pha 
nomena. 

We  have  before  traced  the  outline  of  the  great  oolite  at  i' 
junction  with  the  subjaiceivt  sawdy  rocks  through  Northamptor 
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iUre  to  Aynhoe  on  the  borders  of  Oxfordshire,  and  near  the 
bulks  of  the  river  Cherwell.  It  crosses  that  river  betwetrii 
the  villages  of  Steeple  Ashton  and  North  Aston.^  Close  to 
the  brow  of  North  Aston  hill,  near  the  road  from  Oxford  to 
Banbury,  may  be  seen  a  junction  of  the  fullers'  earth  rock  or 
lowest  bed  of  the  oolite  with  the  subjacent  sand,  and  beioir 
this,  near  the  bottom  of  the  valley  between  it  and  Deddington, 
a  Bobsided  mass  of  the  same  rock. 

From  North  Aston  the  junction  passes  by  Dons  Tew,  and 
^Im  crosses  the  valley  on  the  south  to  Worton  Wood  on  the 
■orth  of  Sandford.  The  oolitic  beds  then  keep  the  summit  of 
this  hill  to  Great  Tew,f  and  thence  range  about  half  a  mile  on 
the  north-west  of  Swerford,  forming  a  terrace  above  the  g#-ne- 
ral  ridge  of  the  sand  hills  near  that  town.  In  tho  vall«*y,  how- 
ever, between  Swerford  and  Great  Kolwrisrlit,  they  are  thrown 
down  by  a  considerable  subsidence,  pitchinj;  in  a  st#ri>p  annate 
towarfds  its  bottom,  which  thoy  cro^s  close  to  tho  rnfranc:  of 
iwerford  park;  and  lying  here,  as  in  a  hollow  trough,  ai;ain 
"iae  towards  Great  Rolwright.  The  ridce  of  Kolwriffht  hilt,  n% 
ar  as  Corawell  on  the  confines  of  Worro-ir-r.  f  i)our./:*:7<:r.  ^''d 
Oxfordshire,  forms  the  extreme  line  tif  ilu*  ccat  uotit*.  :  r^^t 
ti  lower  beds  are  here  very  sandv.  and  n^t  to  l>e  di»tiii?ui*>fi<''i 
rithoat  difficulty  from  the  substrat:i.  I'hf  •tarne  ron-jtrur  tio;i 
ifcvaib  in  Chipping  Norton  hill:  the  VHlky  y.-pantin^  \\i<j'. 
lilby  and  those  iutersecting  their  hraiuJu^.  exhibiting  th** 
laody  anbitrata.  The  junction  parses  by  the  hamriU't  of 
Jharchill,  and  crosses  the  Kvenlnd^^  near  Ascot  d'Oiley  on 
he  eut  of  Shipton  near  Whichwooc.X 

On  the  north  of  the  line  above  described,  between  the  Ch'^r- 
rell  and  the  Evenlode,  is  an  extensive  district  occupied  by  the 
iroirn  ferruginous  sands  so  often  mentioned  as  forming  the 
•bstratnm  on  which  the  oolites  repose  in  thi%  part  of  th^-ir 
xmne.  Several  long  and  somewhat  lofty  ridge«,  connected 
m  tke  north  with  the  table  land  of  iulge  hill,  are  consti- 
nted  bj  these  beds ;  but  in  the  lower  situations  throughout 
hii  tract,  are  scattered  several  of  those   remarkable   iii^u* 

*  Mr.  ftnidi's  repreteniition  cf  ihe  lioe  of  thii  junction  tkrr#ugfa  OxfoH- 
liirc,  in  all  his  Map«,  i&  purely  imaginarr;  it  can  inc<.r.<l  *.o\y  be  tr«cr.'J 
J  continued  residence  on  ihe  spot,  whicli  i%  eke  auiiiorify  on  wliicii  ((«e 
DOve  particuUri  are  giTea.  llie  represenUtion  m  Mr.  Grc«nouxl<'»  Map 
( perfectly  correct :  we  have  been  particular  in  ttating  the  detail*,  at  iliey 
avia  never  ret  been  preienced  to  the  public. 

f  The  Talliet  widiin  this  tract,  however,  occaMOoaJJy  tx\H^  die  »ub. 
ictBT  sandy  beds  by  deondatioD,  as  nay  be  iccu  at  Gagingwcll  near 
Soattm. 

I  Mr.  GfvcDOugh'i  Map  carries  the  inicrior  oulicc  too  far  iJUtwards 
loof  thii  valley. 
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latcd  and  subsided  portions  of  the  rocks  belonging  to  the  great 
oolite  (the  original  superstratum  which  probably  eztenM 
over  this  district  before  the  excavations  of  its  vallies)  to  whick 
we  have  already  alluded  in  the  beginning  of  this  article :  of 
these  a  full  account  will  be  found  in  tlie  subjoined  note.* 

*  Since  these  issulatad  and  lubsided  masses  of  the  oolitic  beds,  diitam 
as  they  often  are  from  the  general  line  of  its  present  limit,  present  an  io- 
terestmg  geological  phoenomcnon,  and  are  also  important  to  the  agricaltnit 
of  this  district,  as  affording  the  only  limestone  parries  scattered  through 
an  extensile  sandy  tract,  it  may  not  be  unacceptable  to  add  a  more  de- 
tailed accouut  of  their  localities,  in  which  we  shall  refer  to  the  great  and 
acciir.4te  survey  of  this  county  executed  by  Mr.  Davis  of  I^wkuor,  and 
puhli&hcd  by  Mr.  Cary.  Mn  Grccnough^  Geological  Map  ezhibiu  all 
the  great  features  of  this  district  with  as  much  accuracy  as  can  bt  attained 
on  a  :icale  so  reduced. 

If  then  we  beg:ixi  tiiis  description,  commencimr  from  the  ▼allcv  of  the 
Cherwcll,  we  find  the  iirt»t  tract  of  this  nature  about  three-fourUis  of  a 
mile  west  cf  Banburv,  in  the  tields  along  the  summit  of  the  low  hill  rising 
above  NeithTU{>,  ana  immediately  on  the  east  of  Witbecombe  farm.  ThH 
patch  does  not  contain  above  a  few  acres:  the  strata  are  coosidcraUy 
inclined,  and  well  identified,  by  their  organic  remains  and  general  charac- 
ter, with  the  lower  beds  of  the'great  oolite  in  this  district  (probably  those 
analogous  to  the  fullers*  earth  rock  of  Bath),  although  the  general  line  of 
the«c  beds  is  seven  miles  to  the  suuth.  The  second  patch  (which  exhibin 
exactly  miwlar  beds)  occurb  about  three  miles  west-80uth*west  of  the  fast, 
where  the  iiK>st  nortlicrly  of  the  two  roads  marked  in  Mr.  Davik's  Map 
from  Broikghton  to  Lower  Taduiaiton  crosses  a  small  brook  about  a  mile 
west  of  the  former  village;  where  the  road  descends  the  brow  towards 
tliis  brook,  quarries  of  these  limestone  beds  may  be  seen  extending  on  the 
right  towards  Page's  farm;  and  where,  having  crossed  the  brook,  it  ascends 
the  opiK)sitc  brow,  similar  quarries  may  be  seen.  It  is  scarcely  pos- 
sible to  ascertain  the  exact  limits  of  tlvis  patch,  but  they  are  probably  doc 
very  extensive.  3.  On  the  left  of  the  lane  leading  from  Lower  Tadmarton 
1o  the  Damish  camp  on  the  adjoining  hill  on  the  south,  about  a  fnrioo^ 
from  the  village,  and  jusit  1)oforc  another  lane  leading  from  Upper  Tadmar- 
ton jcins  it  on  the  right,  U  anotlver  insulated  quarry  of  these  beds. 
4.  Dcbccndiii^  wcbtwards  from  the  hill  on  which  this  camp,  supposed  to 
have  been  the  station  of  the  Danish  army  before  the  battle  of  Hoouiorton. 
is  situated,  and  which  commands  all  the  neiglibouring  country,  if  we  pro- 
ceed along  the  lane  by  Hooknorton  lixige  and  about  a  mile  bevond  it  we 
find  a  more  extcn:>ive  patch  of  these  limestone  strata  extending  along  the 
lower  platform  on  tJie  north  of  Hooknorton,  5.  About  a  mile  and  a  half 
west  of  these  quarries,  on  the  very  borders  of  Oxford  and  Warwick  shires, 
a  little  beyond  the  foot  of  the  north-east  branch  of  Great  Rolwright  h'U, 
and  close  to  the  point  where  the  old  road  leading  hence  to  Edgehifl  (appa- 
rently an  ancient  trackway,  skirting  the  edge  of  the  escarpment,  since  it 
here  forms  the  county  boundary)  crosses  the  Stour  near  its  head  at  a  pface 
called  Traitor^  ford,  is  a  subsided  portion  of  the  same  beds  ra[»dly 
changing  their  din  from  south  to  north.  6.  About  two  miles  east  of 
£pwell,  close  to  the  point  where  the  lane  from  Epwcll  to  a  farm  called 
Lower  Lays,  crosses  the  lane  from  Shutford  to  Brails,  and  on  the  west  »de 
of  this  cross,  is  a  similar  patch  extending  on  both  sides  the  brook.  7.  About 
a  quarter  of  a  mile  west  of  Epwell,  and  a  little  on  the  north  of  the  Warren 
liTHHc,  where  the  two  lanes  cross  each  other,  is  another  subsided  portion 
of  these  limestone  bcd^,  dipp\i\^  ^buM\  S0«  to  the  nortli.    8,  On  the  summit 
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IV.  Course  through  Giottcestershire^  from  the  Evenlode  io> 
the  Avon.  Having  thus  pursued  these  beds  to  the  Conines  of 
Oifordshire  and  Gloncestershire,  we  find  them,  in  the  Utter 
connty,  attaining  their  greatest  thickness  and  most  decided 
character,  and  the  range  of  hills  constituted  by  them  assuming 
greater  height  and  bolder  features,  and  forming  a  more  con- 
tinaons  chain :  this  is  welfc  known  under  the  name  of  the 
Cotteswolds. 

Followmg  the  upper  edge  of  the  series  along  the  first  rise  of 
this  chain,  we  find  the  junction  of  the  Oxford  claj  and  the 
highest  beds,  or  Combrash,  passini;  a  little  north  of  I^chlade 
aid  Cricklade,.witha  westerly  course.  Mid  then  turiung  south- 
mrds  bj  Malmsbnry,  Chippenham,  and  west  of  Melksham : 
a  little  on  the  north  and  west  of  this  line,  the  hills  of  Which- 
wood  forest  exhibit  on  their  summits  beds  agreeuig  hi  aspect 
with  the  forest  marhle^  which  cross  the  Windnish  a  little  north 
ei  Witney,  and  thence  range  immediately  to  the  sooth  of  Tet- 
baiy.  In  this  part  of  Gloucestershire,  the  clay  separating  the 
betst  marble  from  the  great  oolite  is  stated  (see  Agricultural 
Sorrey)  to  be  80  feet  thick.  At  Tetbury,  the  upper  beds  turn 
b  the  south,  cross  the  London  road  from  Bath  on  the  west  of 
Atford,  and  ranging  on  the  inner  slope  of  the  hilb  which  skirt 
dw  right  tiank  of  the  Avon,  reach  that  river  iinxuediately  on 
the  eait  of  Bradford  ;  where  the  clay  covering  the  great  oolite 
Is  well  dif played,  and  its  fossils  most  abundantly  found. 

The  istferior  edge  of  the  great  oolite,  having  crossed  the 
Eveelode  a  little  east  of  Shipton  under  Whichwood,  follows 
the  escarpment  of  the  Whichwood  hills  on  the  right  bank  of 
the  above  river,  following  the  branch  of  those  hills  which 
Htendf  north  towards  Stow  on  the  Wold,  but  is  separated 
Ami  the  high  ground  crowned  by  that  village,  by  a  breach 
eommunicating  with  the  valley  of  the  Wiiidrosh  \  this  valley, 
IniDiBg  a  deep  denudation  and  cutting  into  tite  inferior  beds, 
M  Car  south  as  Burford,  makes  this  braqch  of  the  Whichwood 
Mlla  a  long  peninsulated  ridge  crowned  by  the  great  oolite, 
which  has  its  junction  with  the  inferior  and  sandy  beds  im- 
Mediately  above  Rissingtoo  on  the  west,  and  Idbury  on  the 
cast. 

At  Stow  on  the  Wold,  the  continnous  range  of  the  Cottes- 
wold  commences,  allltough  the  Whichwood  groupe,  already 

•f  OverbraiU  hill,  a  very  compicuons  outlier  of  the  sandy  bed^,  rWmg 
fenai  the  1ia»  in  the  vile^  ffliiptton  upon  Stonr  (marked  with  the  Irttcr  u 
In  Mr.  Oreenouffh't  Map,  but  inadvertentlv  cmoured  an  lia^  »  a  mnail 
of  the  oolite  confined  to  a  single  fiefd ;  but  this  is  not  a  sulnided 
like  those  above  deKribed,  but  merelv  an  instance  iif  a  part  iif  ilu* 
catching  the  summit  of  an  insuhited  nill  in  \k\  refvAut  ytUw^ 


n4  Book  II.    Oiap.  III.    OoUikscrki. 

described,  must  certainly  be  considered  as  an  appendage  to  ft. 
The  inferior  junction  of  the  great  oolite  is  on  tbe  brow  of  \\» 
hill  about  a  mile  east  of  Stow,  but  is  indistinct ;  it  thence  fol- 
lows the  escarpment  of  the  chain,  iihich  here  forms  a  bold  cape 
extending  far  to  the  north,  into  the  confines  of  Worcesterehire: 
the  Tale  of  Shipston  on  Stour  lying  at  their  foot  as  a  broad  biy 
included  between  this  range  on  the  west,  and  the  lower  raoge 
of  Edge  hill  (whence  as  we  before  observed  the  oolite  cap  hii 
been  denuded)  on  the  east.  The  Ilmingdon  hilli  (almost 
separated  from  the  main  chain  by  the  valley  of  Campden)  font 
the  northern  point  of  this  Cape,  at  the  very  extremity  of  whicb 
lies  the  insulated  and  lofty  summit  of  Meon  hill  (marked  1  m 
Mr.  Greenough*s  Map).  This,  standing  in  advance  of  the 
whole  Cotteswold  chain,  and  looking  down  on  the  great  ceo- 
tral  plain  of  England,  commands  one  of  the  most  extensive 
prospects  in  the  island.  The  sienitic  suromiti  of  Cbamwood 
forest  may  be  faintly  distinguished  in  the  north-eastern  horiioa, 
and  Caer  Giradoc  and  Clee  hills  on  the  north-west ;  the  long 
ridge  of  Abberley,  marked  by  its  three  conical  summits,  and 
the  nearer  range  of  Malvern,  illustrating  by  its  abrupt  fonns 
and  serrated  outline  the  idea  of  a  Spanish  sierra,  constitute  the 
western  boundary;  while  on  the  .south-west  the  eye  follows 
the  escarpment  of  the  Cotteswoids,  and  insulated  and  outlying 
groupes  connected  with  it,  among  which  fireedon  stands  pre- 
eminent,  catching  in  the  distance  between  them  the  high 
grounds  of  the  forest  of  Dean :  on  the  south-east,  and  ea^, 
the  escarpment  of  the  great  chain  of  the  oolite  and  subjacent 
sandy  strata  is  seen  circling  round  the  vale  of  Shipston  to  Edge 
hill  and  Arbury  hill. 

The  Ilmingdon  hills  and  Meon  hill  have  a  cap  of  the  great 
oolite ;  but  the  beds  here  displayed,  being  near  their  inferior 
limit,  are  coarse  and  sandy. 

Hence  the  general  outline  of  the  Cotteswoids  turns  south* 
towards  Winchcombe,  the  high  platform  between  this  place 
and  Cheltenham  being  cut  off  by  surrounding  vallies  from  the 
main  chain ;  the  inferior  junction  of  the  great  oolite  always 
keeps  near  the  brow  of  these  hills.  On  the  north  of  Winch- 
combe  hill,  the  outlyers  of  Tredington  +  and  Alderton,  bow* 
ever,  though  lofty,  appear  only  to  exhibit  the  inferior  oolite, 

*  Mr.  Smith  makes  a  long  branch  of  the  oolitic  hills  run  off  near  (Us 
piMHt  from  Aston  Sub  Edge  in  a  north-westerly  direction.  He  hu  been 
led  into  this  error  bv  an  incorrect  depth  of  shadioff  in  the  great  Coosty 
Surrey  (which  is  old  and  very  inaccurate),  by  which  a  low  range  of  fitt 
at  the  foot  of  the  escarpment  is  represented  as  rivalling  the  main  chain  ia 
hcigiit. 

*■  Marked  i  in  Mr.  Greenou|^U's  Map,  but  erroneously  covered  with  llie 
(olour  denoting  Vu\). 
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which  is  probably  also  the  cose  with  the  more  extensi?e  insu- 
lated mass  Ijing  still  further  north  between  Evesham  and 
Tewkesbury,  and  constituting  the  Breedon  hills  (marked  k  ia 
Mr.  Greenough'fl  Map).* 

From  Cheltenham  the  escarpment  of  the  hills  and  inferior 
jinctioD  of  the  git  at  oolite  passes  about  five  miles  east  of 
Gloucester  (having  two  outlyers  of  inferior  oolite,  Churchill 
aod  Robinswood  hill,  on  the  north-east  and  south-K^ast  of  that 
dty),  and  pursuing  its  course  to  the  south,  is  deeply  indented 
by  the  vale  of  Stroud  ;  beyond  which  it  projects  in  a  bold  cape 
kugiag  over  Wotton  under  iCdge,  and  then  continues  in  a 
leirly  straight  line  almost  due  south,  ranging  immediately 
VHt  of  the  road  from  Clloucestcr  to  Bath,  to  within  four  miles 
•f  the  latter  city,  around  which  all  the  streamlets  flowing  into 
ih%  Avon  run  through  vallies  of  denudation  deeply  farrowing 
the  high  platform  of  the  oolitic  liills  :  +  thus  the  brook  flowing 

*  In  Drayton's  fanciful  poem,  the  Polyolhion,  are  some  very  character- 
iMic  lines  descriptive  of  Breedon  hill ;  they  are  put  into  the  mouth  of  one 
of  hii  singular  local  personifications,  the  vale  of  Evnham. 

**  Yet  more,  wliat  lofty  hills  to  humble  vallies  owe. 
And  what  ht{^h  j^race  thev  have  which  near  to  us  are  plac'd. 
In  Breedon  may  be  seen,  being  amorously  cmbrac*d 
la  cincture  of  my  arms.    Who  though  he  do  not  vaunt 
His  head  like  those  who  look  as  they  would  heaven  supplant, 
Yet  let  them  wisely  note  in  what  excessive  pride 
He  in  my  bosom  sits,  whi!e  him  on  every  side 
With  my  delicious  sweets  and  delicates  I  trim ; 
And  when  great  Malvern  looks  most  terrible  and  grim. 
He  with  a  pleasant  brow  continually  doth  smile.** 

f  The  position  of  all  the  constituent  beds  iq  each  of  the  hills  hanging 
Offer  theee  denuded  vallies  round  Bath,  may  he  at  once  determined  from 
Ae  marked  features  of  their  outline  and  profile,  by  a  spectator  from  a 
divtant  view,  provided  he  be  acquainted  with  the  general  structure  of 
the  ranee.  The  great  oolite  forms  a  flat  table  land  on  their  summits,  end- 
Jtof  with  an  abrupt  edge;  this  is  succeeded  by  a  gentle  slope  which  marks 
the  subjacent  fullers'  earth,  a  greener  verdure  and  rushy  grounds  arising 
from  the  discharge  of  the  oohtc  springs  thrown  out  by  these  clayey  beds 
an  here  seen :  beneath  is  the  lower  terrace  of  the  inferior  oolite,  which 
breaks  down  with  a  steep  and  almost  precipitous  escarpment  to  the  vale. 

In  many  instances  (as  at  the  north-east  of  Lansdown  near  the  monu- 
Mat)  large  broken  masses  of  the  great  oolite,  having  been  precipitated 
from  its  escarpment,  are  spread  over  the  slope  of  the  fullers'  earth,  pre- 
testing a  scene  of  rocky  rum  resembling  the  underclifT  in  the  Isle  of  Wight. 
This  may  be  seen  particularly  at  Warley  rocks  above  Bathford.  Similar 
wbndcd  masses  of  the  inferior  oolite  are  also  frequently  piled  against  the 
foot  of  its  escarpment. 

Mr.  Townsend  gives  a  particular  account  of  these  dislocations;  but 
lince  they  affect  the  inferior  <K>lite  as  well  as  the  beds  of  which  we  are  now 
creating,  we  shall  postpone  our  extracts  from  it  to  the  end  of  the 
article  on  stratification  and  inclination  in  the  section  aligned  to  the 
inferior  oolite. 

2r 
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from  Langrtdge  by  Swanswick  entirelj  cuts  the  ridge  •(  Lms« 
down  from  tlie  main  chain ;  and  that  coming  down  ffmi 
Catharine's  to  Bath  Easton,  nearly  affects  Charmej  down  ui 
Salisbury  hill  (an  insulated  summit  of  the  great  oolite  hufi^ 
over  Bath  Easton  on  the  west)  in  the  same  manner.  Bathwra 
stands  at  the  mouth  of  another  similar  valley  extending  ip* 
wards  to  Box  ;  and  the  main  valley  of  the  Ayou  (justly  cek* 
brated  for  its  picturesque  character)  continues  to  form  a  den- 
dation  in  the  inferior  strata  as  high  up  as  Bradford,  where  the 
crop  of  the  great  oolite  crosses  the  river. 

The  whole  range  of  the  Cotteswold  escarpment  throogboit  - 
Gloucestershire,  has  in  ancient  military  operations  afbrded a 
strong  and  commanding  line,  and  is  occupied  by  nnmeiw 
camps ;  partly  at  least  belonging  to  the  line  of  defence  fortified 
by  Ostorius ;  a  map  of  this  line  may  be  seen  in  the  Ardueologii 
for  1820. 

V.  Course  through  Somerset  and  the  North  qf  DondL 
From  Melkshani,  whither  we  had  before  traced  it,  the  mtpefitf 
junction  of  these  beds  with  the  Oxford  clay  proceeds  ia  f 
slightly  undulating  line  southwards,*  a  little  east  of  Froome, 
Wincanton,  and  Stockbridge  ;  beyond  which,  turning  slightlj 
westwards,  it  meets,  and  is  overlaid  and  concealed  by,  tkp 
great  south-western  extension  of  the  chalk. 

The  clay  separating  the  upper  beds  from  the  great  oolitt 
(properly  so  called)  has  at  first  a  very  tortuous  line  (which  b 
very  correctly  given  in  Mr.  Smith's  Map),  occasioned  by  the 
configuration  and  inequalities  of  the  surface  cut  by  its  planfy 
which  is  varied  by  lofty  hills  and  deep  vallies.  (3rossiag  tk 
northern  branch  of  the  Avon  close  to  Bradford,  it  ascends  the 
back  of  the  hill  between  it  and  the  southern  branch  of  the  uaut 
river,  which  it  crosses  a  little  south  of  Farley,  and  then  rangrt 
over  the  summit  of  the  elevated  platform  on  its  left  or  western 
bank,  on  which  stand  Charterhouse  llinton,  and  Nortoa  St. 
Philip.  The  Cornbrash  ranges  along  the  escarpment  on  the 
right  bank  of  the  stream  by  TelIisford,+  having  a  slight  capsf 
the  lowest  beds  of  the  Oxford  clay  abounding  with  seleaite, 
and  appears  on  the  left  bank  as  an  insulated  cap  to  the  hill  N 
that  side  between  Tellisford  and  Norton.  There  is  another 
insulated  cap  of  this  rock,  not  exceeding  a  few  acres,  close  to 

•  The  outline  in  Mr.  Smith's  Geological  Map  is  here  preferable  to  Mr* 
Greenough*s>,  which  is  di&torted  by  throwing  the  limestone  of  Stonnmatfr 
(probably  belonging  to  the  coral  rag)  into  the  great  oolite. 

+  This  iti  the  point  to  which  the  section  at  the  beginning  of  the  psn> 
graph  on  the  chemical  and  external  characten  of  the  great  oolite  pvtics- 
larly  refers. 
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9iise  on  the  north  of  Hinton.  *  The  cmlcarenn^ 
re9t  marble  circa  late  ronnd  this  tract  by  Hiuton  and 
I,  the  subjacent  claj  appears  on  the  slope  descending 
linton  to  the  great  oolitic  platform  on  the  west  of  that 
;  hence,  it  follows  the  outline  of  that  platform,  keeping 
1  mile  within  Its  escarpment  by  Norton,  Hardington, 
ckland  Denham,  ranging  towards  Froome.  Soath  of 
>wn,  the  juncti<m  of  the  npper  beds  and  great  oolite 
s  to  range  towards  Dorsetshire  in  a  slightly  nndnlating 
arallel  to  that  before  assigned  to  the  junction  of  these 
ith  the  Oxford  clay,  and  from  two  to  four  miles  west  of 
it  has  probably  neier  been  accurately  traced. 
inferior  junctkm  of  the  great  oolite  (that  along  which 
on  the  fullers'  earth)  crosses  the  northern  branch  of  the 
I  little  on  th6  west  of  Bradford,  ranges  ronnd  the  npper 
the  escarpment  of  the  hill  between  this  and  the  south* 
inch,  crosses  the  latter  close  to  Farley  mill,  and  keeps 
arpment  of  the  great  platform  of  Hinton  and  Norton, 
along  the  brow  of  the  higher  range  of  hills  aboTe  31  it* 
ITrithlinglon,  Kilmersdon,  and  Mells. 
ridge  of  Hampton,  \  Claverton,  and  Odd  Downs,  hang* 

hill  between  Mitford  and  Freshford  affords  the  be«t  opportunity 
h  for  examining  the  whole  of  this  serict  of  strata ;  it  is  within  three 
that  city ;  the  Tallies  are  cut  down  into  the  upper  beds  of  the  lias 
ind  in  ascending  the  hill,  the  inferior  oolite,  fullers'  earth,  great 
Indford  clay,  forest  marble  and  nndstone  are  crossed  in  passing 
the  insulated  parch  of  combrash,  which,  at  Pipe-house,  crowns 
The  summit  of  this  hiU  \%  covered  with  transported  chalk  flints. 

*  quarrien  at  tlie  head  of  the  inclined  pl^ne  above  Bathhampton, 
le  of  the  best  examples  of  the  great  oolite  which  can  possibly  be 

The  upper  beds  are  here  thin,  and  separated  by  clay  seams  (at 
It  a  large  imbedded  ma^s  of  clay  also  occurs),  and  by  a  loose  oolitic 
le  surfaces  of  these  slabs  present  a  confi;eriei  of  organic  remains, 
terebratulx,  small  coralloid  bodies,  spines  of  several  species  of 
,  and  occasionally  joints  of  the  Bradford  pear  Encrinite  ( Apiocri- 
MiUery.  Fragments  of  the  large  6brous  shell  which  Mr.  Sowerby 
s  as  now  ascertained  to  be  a  species  of  oyster,  also  occur.  These 
:upy  about  six  feet  from  the  summit ;  then  follows  a  bed  about 
t  tntck,  containing  several  immense  masses  of  an  undulating 
>re,  and  several  tubipores ;  beneath  this  is  the  solid  oolite  which 
ied  to  the  depth  of  about  SO  feet.  The  lowest  bed  worked  con* 
reral  large  bivalves.  Beneath  the  floor  of  the  quarries,  the  l>eds  of 
t  oolite  extend  on  the  slope  of  the  hill,  between  €0  and  100  feet, 

a  steep  escarpment ;  beneath  which,  the  black  beds  of  the  fuU 
th  clay  (full  of  fibrous  calcareous  •par)  may  be  observed  throwing 
nerous  springs.  Vast  blocks,  preapitated  m  every  direction  from 
it  oolite,  are  however  spread  over  the  whole  slope  of  the  fullers* 
forming  a  confused  scene  of  proiecting  craips,  over  which  it  it 
possible  to  walk.  It  is  remarkable  that  chaJk  flints  are  scattered 
ibundantly  over  this  tract :  they  are  alio  faosA  QTi  ^ht  uuiv.^\  ^ 
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ing  oTer  Balh  on  the  soath,  forms  a  long  innlated  nvfi^j 
capped  with  the  great  oolite,  adTanced  on  the  north  of  ^i 
platform,  encircled  along  its  scarped  sides  bj  sucoessire  ttut 
of  the  inferior  beds  ;  and  the  ridge  north  of  Wellow,  betvM 
the  above  and  the  Hinton  platform,  is  similarly  sitaated.t 

Most  of  the  rimlets  which  in  this  part  join  the  AfOD,  n* 
beyond  the  escarpment  of  the  whole  oolitic  series,  andli* 
through  vallies  which  traverse  the  chain  and  divide  it  tail 
many  insulated  groopes :  the  fact  is  similar  to  that  whidivtf' 
formerly  noticed  with  regard  to  many  portions  of  the  chA 
range,  and  the  whole  configaration  of  these  vallies  betndi 
same  evidence  that  it  involves  an  absolute  physical  ivoftd* 
bility  to  attribute  their  formation  to  the  streams  whick 
employ  them  as  a  channel. 

The  junction  of  the  great  oolite  and  fullers*  earth  may  be 
distinctly  traced  through  the  whole  of  this  district.  But  wti 
Froome,  the  horizontal  beds  of  the  oolitic  series  abut  abraptfj* 
aji[ainst  the  inclined  strata  of  the  mountain  limestone  connectri 
with  the  lofty  chain  of  Mendip,  which  here  begins  to rini 
although  as  yet  its  peculiar  strata  are  only  exposed  bj  dot* 
dation  in  the  lower  part  of  tlie  vallies  between  Froome  wi 
Mells.  It  is  the  inferior  oolite  which  is  generally  in  contict 
with  the  mountain  limestone,  and  therefore  these  vallies  wSi 

many  of  the  adjacent  dovrns,  warranting  the  same  ecological  infiRCDdl 
whicn  were  formerly  drawn  from  the  accumulation  of  transported  pcM 
on  the  top  of  the  coral  rag  hills  near  Oxford.    See  note,  p.  190. 

+  There  arc  other  smaller  insulated  summits  of  the  ereat  oolite  icfd^ 
on  (he  platforms  of  the  inferior  oolite  near  the  above  ridees;  suchiiJ}!^' 
com  hill  north  of  Dunkerton,  and  Newbury  hill  above  f?ells. 

*  In  order  to  explain  how  beds  of  such  distant  frcological  ages  »  ^ 
mountain  limestone  and  oolite,  come  into  immediate  contact,  in  coM^ 
quencc  of  the  diiTereucc  of  inclination  through  which  tlieir  planes  cotMl 
other,  we  subjoin  the  following  diagram. 


a.  Old  red  sandstone.    B,  Mountain  limestone,    c.  Coal  mcuortt. 
d.  Great  oolite,    e.  FulJcrs's  earth.   /.  Inferior  oolite,   g,  iM 

k.  Red  marie. 

All  these  circumstances  arc  illustrated  in  the  district  of  the  eist  end  rf 
the  Mcndipa  between  ¥tooiae  ^^ndl^cM^. 


Sect.  V.     Lotcer  Dmshn — Cornbraskj  Sfc.         ^9 

(tore  particularly  described  hereafter.  Near  Froomr, 
«^Ter,  the  i^reat  oolite  approaches  very  near  to,  if  it  dwa 
quite  touch,  the  mountain  limestone,  and  the  line  of  bear- 
of  these  beds  being  thus  thrown  out  of  their  regular 
ne,  it  becomes  doubly  diflicult  to  trace  them  :  a  bed  of 
f  iu  the  valley  a  mile  west  of  Froome  appears,  however, 
)e  that  associated  with  the  foll<*rs*  earth,  and  hence  thf- 
rior  junction  of  the  i^reat  oolite  probably  ranges  by  Ckferd 
Proton;  whence  it  seems  to  proceed  aloiis;  the  edi^e  of  the 
>  on  the  west  of  Charlton,  Ilorethom,  Ml  I  ford,  Port,  and 
rborne,  a  few  miles  south  of  which  the  crop  of  this  oolite 
ike  that  of  the  other  oolitic  systems,  ovi-rspread  by  the 
t  western  extension  of  the  chalk  and  gre«:n  sand  throo~h 
(etsbire. 

i.  Course  in  the  South  of  Dorsetshire.  On  the  south  of 
overlying  extension  of  the  chalk  and  green  sand,  the  bed* 
he  present  oolitic  system  re-emerge  from  b«n«:atb  it  near 
[port.*  The  rock  here  assumes  the  fissile  character  of  for«r«t 
ble,  and  it  has  been  sometimes  exclusively  r^f^rrtd  to  th»t 
Livision ;  but  since  it  is  in  immediate  contact  with  the  fol- 
earth  clay  and  inferior  oolite,  and  the  thi^^kne^f  of  ihf- 
:s  seems  also  inconsistent  with  this  supposition,  we  nrt- 
er  inclined  to  believe  that  the  whole  oolitic  »erie»of  Ch<.' 
ent  formation  here  puts  on  this  form. 
Ills  rock  ranges  to  Bothenhampton,  on  the  eatt  of  Bridprirt 
ey,  having  however  an  insulated  portion  capping  thef  liff  mi 
west  of  Bridport  harbour  :  but,  on  the  ea^t  of  the  harlK/or, 
cliffs  exhibit  only  inferior  oolite  for  more  than  two  mil«^. 
re  the  second  cliff  in  that  direction  (Burton  ^liff>  MilMid«->, 
is  succeeded  by  a  low  bank  of  the  fuller**  earth  rnarl", 
acterized  by  its  fibrous  calcareon.*  spar.  AlKive  thi*  m*r\^ 
loarries  of  the  fissile  oolite,  which  proc^tf-d*  lifth^^r  fw^rn 
lenhampton.  The  cliffs  he're  terminate,  a  ^hinrle  iKd  (**»* 
mencement  of  the  great  Che«il  bank)  lieing  Utf^ryr^^ 
reen  the  hills  and  the  *»ea.  The  oolite  i^  piaidly  ''/  l/«- 
»d  through  the  base  of  the^  bilU  from  V«yre  9a  Abti^/t'- 
r,  forming  their  geo'^ral  platform,  which  •n\/yon%  ir«>'ilat/'r| 
nits  of  the  overlying  green  sand  at  S-4yre  h^^^on  *i<d 
otsbury  camp. 

hns  far  the  structare  of  the  district  U  %Mi'0fUt\y  f^gnUr^ 
the  strata  horizontal  or  nearly  m>;  but  beyond  Abl>ot«h«f  jr 


ill  this  diMrict,  and  isdcffl  the  wkclc  Modb  f4  Vf^n^iisirt,  I*  trrum 
Jt  rcprctfoted  in  Mr.  Satch't  M»p.    Mr,  Ore^rfl^/fl^i  t  »»  #^r«ct  m 
leighbcurbood  of  Bridpoit,  b«:  rtrjuiffc,  l^»^*i*  A  A^^ti^rf  ttmtg, 
noutb,  cbc  altcntioai  mftfic^f.rd  w  tU  MttUit  ob  t»^  <'/ur««  o(  tU^ 
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(where  there  appears  to  be  a  fanlt),  we  enter  oo  the  elentod 
Weymouth  district,  which  we  hare  before  had  occasion  ti 
describe,  in  treating  of  the  Portland  beds  and  coral  rag.  At 
Abbotsbury  the  coral  rag  advances  close  to  the  cnr?e  of  tke 
coast,  so  that  we  lose  the  beds  of  the  present  oolitic  system  fir 
a  time ;  but  they  reappear  a  little  to  the  soath  id  Fleet  dova, 
where  they  form  a  saddle  extending  across  the  head  of  tie 
Weymouth  aestuary  near  which  it  terminates,  being  endrckd 
(as  was  formerly  stated)  by  collateral  zones  of  Oxford  dxj^ 
coral  rag,  &c. 

(e\  Height  qf  hills.  As  has  been  stated  in  the  precediig 
article,  the  whole  course  of  this  system  across  the  island  b 
marked  by  an  almost  continuous  range  of  hills.  Sometiawf, 
however,  the  whole  escarpment  of  these  hills  is  formed  by  tht 
inferior  oolite,  and  the  great  oolite  forms  a  slight  upper  terrace 
tanging  at  a  distance  inland.  In  Yorkshire,  we  are  inclined  te 
attribute  the  eastern  moorlands  to  the  inferior  sands,  and  the 
escarpment  which  skirts  them  on  the  south  to  the  great  oolitf ; 
but  this,  being  a  point  open  to  controversy,  must  be  considered 
accordingly.  Crossing  the  llumber  through  Lincolnshire,  the 
hills  are  low  ;  they  gain  greater  height  in  Rutlandshire,  North* 
amptonshire,  aud  Oxfordshire,  but  the  highest  points  in  this 
district  aie  the  summits  rising  near  the  edge  of  the  escarpment, 
(as  Arbury  and  Epwell  hills)  which  belong  entirely  to  the  infe- 
rior sands,  the  great  oolite  ranging  considerably  on  the  south- 
east. In  Gloucestershire,  however,  the  great  oolite,  alwajf 
crowns  the  brow  of  the  escarpment,  and  gains  its  greatest  height! 
the  loftiest  point  of  these  hills  is  CleeTe  hill,  near  Cheltenham, 
which  is  1134  feet  above  the  level  of  the  sea ;  the  next,  Broad- 
way, is  1086 ;  Stow  in  the  Wold  is  883,  and  Landsdown  near 
Bath  is  813  feet. 

These  hills,  thus  breaking  down  with  an  abrupt  escarpment 
to  the  north-west,  fall  with  a  very  gradual  declivity  to  the 
south-east.  This  circumstance  is  common  to  the  chains  formed 
by  all  the  beds  above  the  new  red  sandstone,  and  arises  from  the 
cropping  out  of  their  strata  in  the  former  direction  against  the 
older  rocks  of  the  north  and  west.  An  observation  of  Gilpin'^ 
in  his  tour  to  the  Wye,  strikingly  illustrates  this  inequality  of 
fall  oil  the  opposite  sides  of  the  watershed  of  this  chain.  Standi 
ing  on  the  high  grounds  between  Cirencester  and  Cheltenham, 
where  the  head  waters  of  the  Thames  take  their  rise  on  the 
back  of  the  Cotteswolds,  he  remarks  that  while  on  the  one 
hand  this  river  wanders  to  the  east  through  a  course  of  more 
than  150  miles  before  it  reaches  the  level  of  the  tide  at  Rich- 
mond, on  the  other  the  Severn,  flowing  within  12  miles  of  thiji 
point  at  the  we'uteru  Coot  oC  iVi^  h\Us^  is  already  a  tidal  iiver« 
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is  range,  like  tbat  of  the  chalk,  is  entirHj  brokn  tfarooch 
any  valliet;  sach  are  tboie  of  the  Vorkfthire  DfrmMOj 
?  Ifumber,  of  the  Witham  m  Liueotm*hir*^  of  tJi#-  Cha/* 
ind  Evenlode  in  Oxfordshire,  and  <^  mott  of  tu>-  ftr*as/i 
I  join  the  Somersetshire  Atob  oo  the  tooth  of  BacL :  ew 
liy  the  branch  of  that  rirer  which  iowft  froca  EmU^mw 

at  the  foot  of  the  Meodips  bj  Melk  and  Froooa^. 
e  insulated  hiUs  adranced  bejond  the  chain  ia  GVmkv^ 
re  have  been  already  mentioned,  bat  they  f  ewrally  be* 
rather  to  the  inferior  oolite  than  to  the  b«dft  <^  vbi'Hi  «c 
»w  treating.  Many  of  the  ranges  near  Bath,  as  f^aMdovn. 
rton  Down,  &c.  which  are  capped  with  the  grv«t  oolite-, 
rom  the  course  of  the  last  mentano^rd  iraili#4  throogh  them, 
letely  insulated.  (See  the  particalan  in  the-  arcoant  of 
nge  of  these  beds.) 

)  Thkkness.  The  thickness  of  these  beds  is  civ^n  <n 
St  at  the  beginning  of  the  present  fectioa  for  the  n»igh- 
iM>d  of  Bath:  altogether  they  may  tie  takes  in  roauid 
era  at  about  2d0  feet  in  this  district. 

Farley  JDown  near  Bath,  on  Coombe  Down,  and  in  s^ifv^-. 
her  places  near  Bath,  welU  have  be#ii  sank  tbroagh  the 
oolite  to  the  depth  of  100  to  130  feet.  (T.  ISO.)  The 
I  thickness  of  this  bed  alme  leems  here  to  vary  from  1 30 
>  feet,  but  it  must  be  considerably  thicker  in  the  northent 
of  the  Cot tes wolds,  as  must  the  Miperior  beds  oa  the  %onth 
neacester :  400  feet  would  probably  be  not  an  excesMVe 
ince  for  the  whole  ^ries  in  their  thickest  part. 
'  inclinaiian.  The  great  oolite  has  a  gentle  dip  towards 
mth-east,  as  have  all  the  beds  of  this  formation  ;  there  are 
rer  some  apparent  local  exceptions  which  merit  notice, 
perhaps  from  their  singularity,  than  from  possessing  any 
nportaiice.  The  follow  ing  sections,  afforded  by  qoarries 
'en  Cross  Hands  and  Petty  France  in  Glouceslerihire,  are 
lanicatrd  by  II.  J.  Brooke,  Esq.  M.Gi>.  who  also  referred 
a  somewhat  similar  section  of  a  quarry  at  Coombe  Down 
Oath,  in  tlie  Montlily  Maj^axine,  with  a  description  by 

Moggrid^c.  dated  March  17,  171Sr6.^ 


would  be  dilBcuIf  to  im^siuc  that  l!iCA  hid^,  w  A'liTcmvAx  -  •.it>i\\x^ 


{ 
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lu  the  Weymouth  elevated  district,  the  beds  of  this  forma- 
tion, which  form  its  saddle,  are  sometimes  considerably  inclined. 

The  most  remarkable  phcenomena  which  require  notice  under 
this  head,  are  those  of  the  large  subsided  portions  of  these  beds 
now  found  pitched  at  the  bottoms  of  vallies  traversing  the  sub* 
jacent  rocks  and  at  a  considerable  distance  from  the  present 
line  of  extension  of  the  formation  to  which  thej  belong*  We 
have  already  particularised  many  instances  of  this  kind  in  the 
north  of  Oxfordshire.  They  must  be  considered  as  the  rem- 
nants  of  the  strata,  once  generally  covering  the  hills  at  wboie 
base  .they  are  now  found  ;  which,  having  been  undenuined  bj 
the  causes  that  have  excajrated  the  vallies,  have  slid  down  loto 
their  present  position,  where  they  are'  naturally  thrown  into  a 
direction  inclined  in  general  at  a  considerable  angle  to  tke 
horizon. 

The  precipitated  masses  of  the  great  oolite  scattered  over 
the  slope  of  the  subjacent  fullers'  earth  on  the  hanging  of  many 
of  the  hills  round  Bath,  are  phcenomena  of  the  same  kind. 

The  ph(rnomena  of  these  subsided  masses  which  have  as* 
sumcd  their  present  position  in  consequence  of  having  been 
undemiined  by  the  excavation  of  the  subjacent  soft  strata,  and 
thus  slidden  downwards,  must  not  be  confounded  with  those 
cases  of  subsidence  which  are  accompanied  by  vertical  fissures 
or  faults  traversing  the  strata  to  a  great  depth,  and  in  which  the 
whole  series  of  strata  alTected  by  them  (soft  as  well  as  hard)  is 
let  down  together.  Both  the  circumstances  and  causes  of  the 
latter  are  clearly  distinct  from  the  former ;  no  partial  under* 
mining  action  can  account  for  them;  but  they  must  be  referred 
to  causes  seated  at  a  great  depth  and  acting  in  the  same  mao* 
jicr  as  the  force  producing  earthquakes. 

Further  particulars  of  these  undermined  and  precipitated 
masses  in  the  neighbourhood  of  Bath,  will  be  found  at  the  end 
of  the  ailiclc  corresponding  to  this  in  the  next  section  ;  since, 
as  the  inferior  oolite  partakes  of  these  disturbances,  it  will  be 
more  convenient  to  keep  the  description  of  the  whole  of  the^; 
cases  together. 

stanced  in  regard  to  position,  were  the  effect  of  regular  deposition.  The 
upper  beds  in  the  first,  and  the  upper  and  lower  in  the  second  section, 
agree  with  the  general  dip  of  the  beds  of  this  formation ;  that  is,  to  the 
«oulh-east,  and  at  a  very  small  angle.  The  lower  beds  of  the  first  fipore 
are  not  only  cun'ed,  but' also  take  the  reverse  direction.  Instead  therefore 
«)f  considerinc:  these  beds  as  the  result  of  regular  stratification,  they  should 
undoubtedly  be  regarded  as  the  consequence  of  contraction,  from  causes 
which  it  may  be  difUcult  to  explain,  during  the  consolidation  of  the  »tra- 
tuni.  Tovmshend  refers  to  several  similar  instances  near  Bath:  we  have 
bctDre  mentioned  the  like  false  cleavage  (if  the  expression  may  be  allowed) 
in  (.'it  coral  rng. 
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)  AgrtcuUwral  charaUer.  Tbe  Corabnsk,  njs  Mr. 
I,  18  chieflj  an  arable  laperior  m  qaalh j  to  mmck  of  the 
^brasb  hills ;  and,  when  odienrise  appfopriated  to  pafltere, 
ices  grass  of  a  good  qoalitj.  Indeed  tbe  six<«re  of  cal- 
«s,  argillaceous,  and  aienaceons  beds,  in  tins  port  of  tbe 
I,  is  favorable  to  their  agricnltnral  q;nality.  Tbe  geaerai 
le  of  the  forest  marble  through  the  Cotteswold  diftrict,  is 
to  be  distingaidied  bj  tbe  prevaleBce  of  tiaiber  trees. 
Is,  and  pastore.  The  soil  over  the  great  oolite  is  a  looae 
ibnish,  absorbent,  and  anj  thing  bnt  rich  ;  it  b  said  how* 
to  answer  fairlj  for  tomtps,  and  tolerably  for  wheat ;  bot 
▼er  averages  half  the  value  of  the  sobjacent  sandy  soih. 
I-  Phienamena  of  water.  The  clays  underlying  the 
I  and  the  forest  marble  generally  hold  np  the  water 
i  these  strata,  so  that  this  indispeniable  article  mmj  be 
ily  procnred ;  hence  a  more  deose  popnlatiiNi  (as  Mr.  Snith 
rery  ingeniously  remarked)  distingnishes  the  oo«rie  of 
I  beds  from  the  great  oolite,  where  water  can  be  obtained 
in  deep  wells  and  at  a  great  expense,  llieae  welb  have 
I  been  sonk  130  feet  through  the  rock  to  its  junction  with 
[idlers'  earth,  which  throws  out  its  ^rings  and  forms  a 
ling  groand  round  the  escarpments  of  the  oolitic  hiib,  as 
be  particularly  noticed  near  Bath.  Occasionally  even  the 
igs  of  the  upper  beds  sink  through  this  rock  also,  in  con« 
enee  of  some  failure  in  the  intervening  clay ;  thb  is  par- 
laiiy  the  case  in  the  forest  marble,  which  has  numerous 
low*holes,  thus  absorbing  the  ^springs  of  the  combrash ; 
f  of  these  may  be  noticed  in  the  space  of  half  a  mile  round 


is  probable  that  the  combrash  or  forest  marble  may  be 
true  seat  of  the  mineral  waters  found  in  sinking  through 
hdbrd  clay,  and  enumerated  in  treating  on  that  formation, 
e  Pickering  hills  in  Yorkshire  really  belong  to  this  part  of 
leries,  the  curious  phoenomena  of  the  several  brancbe«  of 
lye  near  Helmsly,  which  flow  through  that  escarpment  by 
erraneoas  channels,  should  be  here  noticed. 
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Inferior  members  of  the  Third  or  Lovier  tytta 
OolUet !  including — the  Fullers'  earth,  Jn/enor  t 
Sand  mnd  Marlslone  of  Smith. 

TUe  Ooliiic  sjsfem  of  wliich  it  was  the  object  of  thi 
MdiDg  section  lo  trace  th«  superii>r  portion,  is  coutiuw 
ntbcr,  considering  (he  order  of  rormaliuii,  iairoduccd)  t 
series  of  beds  vrhtch  we  are  now  to  consider.  These,  altl 
ID  some  lociklilies  presfntiug  well  niarkud  lines  of  dUtin 
ax  other  iiutluces  run  M  much  into  one  another  by  iose 
gradations,  that  it  is  far  from  eu«j  to  assign  anj  exact 
in  wbich  an;  given  member  of  the  scries  can  be  strictlj  t 
conuneuu,  or  accurately'  to  distinguish  the  contiguous  mc 
from  each  other. 

Speaking  generally,  the  ^reat  miss  of  calcareo-nl 
■andK  on  which  the  rock  called  the  inferior  oolite  reposel 
Im  said  to  form  the  most  miveraal  and  cliar«cteristic  fe«t 
this  aeries.  These  aands  paai  almost  iaseasibly,  b;  the  m 
•f  TaridM  toamf  and  marly  beds  tawaidi  their  lower 
mto  the  argillaceoni  formation  which  coTen  the  liaa ;  at 
wards  thair  upper  limit  by  an  increue  of  calcareons  h 
isto  the  oolitic  beds  called,  fitim  their  position,  inferior. 
tween  this  inferior  oolite,  and  that  which  we  have  al 
described  in  tbe  last  section  ander  the  name  of  Ihn 
ttolite,  *  thick  calcareo -argillaceous  formation  carrying 
ef  fuUen'  earth  (whence  it  is  denominated),  and  som 
alio  beds  of  coarse  oolite,  is  interposed,  often  forming  I 
conspicuous  diTiaion  in  this  part  of  the  series.  Bat,  in 
instances,  this  calcareo- argil  lac  eons  mau  is  either  wanting, 
the  prevalence  of  its  calt^reons  matter  ppsses  into  the  fo 
an  oiditic  limestone  ;  So  that  the  limit  of  the  great  and  in 
•elites  can  only  be  ascertained  (if  at  all)  by  an  accnial 
amination  of  their  organic  remains- 
It  mast  at  once  appear  from  the  abore  observations,  tb 
cannot  as  yet  regard  the  exact  demarcation  of  ail  these 
ordinate  beds  as  being  completely  ascertained  througboi 
island ;  bat  this  acknowledgment  ought  rather  to  be  regi 
as  a  proof  of  the  high  advance  of  geological  information  i 
bas  rendered  the  adjastment  of  points  so  minute  an  inten 
object  of  enquiry,  than  as  affording  any  ground  for  qnestK 
its  progress,  in  the  consideration  of  the  few  and  inuni 
deficiencies  still  left  unsupplied. 
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In  treating  of  this  paii  of  the  series,  we  ihajl  again  select 
be  neighbourhood  of  Bath  as  affording  the  best  type  of  its 
rrangement.  The  separate  beds  appe^ir  in  this  district  most 
trongly  characterised  and  most  distinctly  divided ;  they  have 
lio  been  most  attentively  examined.  We  proceed  to  consider 
hem  in  the  regular  descending  order.* 

(a)  Chemical  and  external  characters.  Fnllert'  earth. 
\n  the  district  above  referred  to,  and  as  it  should  appear,  very 
isaerally  elsewhere,  the  great  oolite  of  the  preceding  secti<m 
■poses  on  a  thick  bed  or  series  of  beds  of  calcareo-argillaceoua 
kmation,  which  usually  carries  one  or  more  indurated  and 
Mky  strata,  besides  frequent  conn»es  of  a  soft  rubble-stone. 
h  these  the  calcareous  matter  predominates.  The  hardest 
W  of  this  stone  is  blue  in  the  interior,  and  used  for  meaning 

'  *  Hie  following  may  be  considered  as  a  continuation  of  the  section 
flfcrred  to  in  the  note  at  the  head  of  the  articles  on  the  upper  membtrt  of 
Ah  •jftcm  (page  802),  and  is  numbered  accordingly.  It  enuraeratet  Cbete 
Uk  .M  they  are  exhibited  in  the  Qeighbourhood  of  Bath,  and  may  be 
jni^ared  with  those  subsequently  nven  from  other  localities,  as  notes  to 
tit  ulerior  oolite:  it  it  extracted  from  the  list  in  Mr.  Warner*!  Bath 
jOride. 

fro.  ,  feet. 

9.    Yellow  clay ; 12  or  15 
Rather  loose  and  porous ;  visible  all  round 
Bath  by  the  slips  on  the  declivities  of  the 
hills,  occasioned  by  the  springs  flowing  on 
•  I              the  surface  of  the  next  stratum:  it  contains  « 

tno  fossils  and  is  applied  to  no  use. 
la    Blucday 12  or  1> 

This  stratum  being  compact  throws  out 
the  upper  springs  round  Bath:  it  contains 

2terebratul2. 
II.    Oood  Fullers*  earth 8 

12.    Bastard  Fullers*  earth 100  an4  upwards 

Having  in  its  middle  a  thin  rock  which  b 
abundantly  furnished  with  organic  remains 
(see  the  list  under  its  proper  head).  Nume- 
rous corals  are  also  found  at  its  foot.  This 
rock  makes  the  best  road-stone  in  the  neigh- 
bourhood. 

\Sf    Inferior  oolite  or  bastard  freestone 30  ~ 

The  upper  part  of  the  stratum  is  hard  and 
is  used  for  the  roads ;  the  lower  is  cut  into 
tolerably  good  ashler  naar  Froome:  iu 
fossils  are  numerous  as  will  be  seen  in  the 
list. 


I 

l^l^i.    Calcareoussand.....................^. Wand  upwards 


At  the  foot  of  it  is  a  bed  of  lam  Peetcns 
and  masses  of  coral^  also  confused  nuLsses  of 
serpulaa  mingled  with  belemnitea.  This  con^ 
stitutes  the  marle*ttoae  of  Smith,  anfdl  i»  used 
ia  mending  the  roads. 

3«9 
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nmin*  Blue  md  yellow  cUys  altemato  wi<h  the  abofe  nib* 
itancei,  mnd  generallj  amttin  varieties  applicable  to  the  pai* 
poses  of  fallen*  earth.  The  disporitioii  of  these  beds  mm 
Bath,  will  be  seen  in  the  general  section  In  the  note  below. 

Iitferior  ooHie  and  Sand.  The  inferior  oolite  Is  tery  geie-' 
rally  distinguished  from  the  great  oolite  by  the  larger  pro* 
portion  of  brown  oxide  of  iron  disseminated  throngh  its  sbs% 
which  sometimes  occurs  in  the  form  of  nnmetmis  numte 
globular  particles  occupying  the  same  dtuatioh  which  the  «fi»' 
fsrm  particles  hold  in  the  great  oolite.  This  Tariety  b  fsoiA. 
in  Dnndry  hill,  and  corresponds  eiactly  in  character  wHk' 
specimens  from  Bayeux  in  Normandy.  From  this  admiitpr 
ef  iron  the  beds  have  generally  a  brownish  cast,  pasting  la  ths^ 
Interior  Into  a  blue  or  grey  tinge :  the  texture  Is  coarse,  mi 
they  are  usually  applied  to  mend  tlie  roi^ds :  occasioasUf, 
however,  they  yield  a  very  good  freestone  for  agricnltoral  par* 
poses,  as  particularly  at  Dundry  hill  near  Bristol  and  Dodrtsg 
hill  near  Shepton  Mallet,  in  both  which  places  the  quarries  si« 
very  extensive.  A:  larger  proportion  of  siliceous  sand  b  usasllj 
mixed  with  the  calcareous  matter  than  in  the  great  oolite,  ssi 
therefore  renders  it  a  less  profitable  limestone.  The  fonilf 
also,  which  are  numerous,  serve  to  distinguish  it. 

Near  Bath,  several  regular  and  continuous  strata  of  this  rod 
rest  on  thick  beds  of  a  slightly  calcareous  sand,  containinf 
courses  of  irregular  calcareous  concretions ;  and  near  the  botr 
torn,  where  the  proportion  of  calcareous  matter  is  less,  stnti 
pf  soft  sandstone. 

These  strata  preserve  a  great  uniformity  of  character  tbiwigli 
the  south-western  counties,  and  may  be  very  advantageooslj 
studied  in  the  fine  sections  on  the  coast  on  either  side  of  Brid- 
port  harbour.  An  account  of  these  will  be  found  in  thenottj 
and  may  serve  as  a  geners|l  type  of  their  disposition  in  this 
quarter.* 

*   Sectim  of  Dawm  cliff  hetxveen  Seafcn  and  T^rtuomBe,  txv0  miles  vutt  tf 

Bridfitrt  harbour. 

The  hill  risine  above  the  clift*  exhibits  a  cap  of  forest  marble,  or  rather 
of  the  great  ooute  assuming  the  character  of  that  rock ;  beneath  this  tiit 
cliflT  exhibits 

fcA 

J .    Inferior  oolite  and  sand  alternating,  the  sand  towards  the  top 

passing  into  marie,  about ^ 

2*     Sandy  marie 50 

3.  Rusty  sand  with  ferro^argillaceous  concretions  whose  cavities 

are  filled  with  sand  ...' 50 

4.  Greenish  blue  micaceous  sandy  marlc,  contaiaiog  indurated 

concretions  of  similar  constitution ...•••• ^ 

This  passes  into  the  lias  marie,  on  which  it  rests. 
Immediately  on  the  east  of  Burton  cliff  (about  three  miles  east  of  9^ 
port  harbour)  the  iuUeii*  eaxxh  tq»:^  \^««ftXL  tc«tin^  on  the  above  bedh 
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Til  the  midfanid  eototies  tlie  calcareoas  matter  is  less  almn* 
dut  in  these  beds,  and  a  ferraginoas  sand  and  sandstone, 
cmtiining  a  rerj  small  proportion  of  lime,  predominates.  The 
first  beds,  as  exhibited  in  the  section  last  referred  to,  appear 
Id  be  wanting,  or  at  least  .are  so  blended  with  the  fullers' 
etrth  rock  and  great  oolite  as  not  to  be  distingnishable ;  while 
strata  analogous  in  character  to  No.  9,  3,  and  4  .of  that  section 
ire  here  exhibited  on  a  much  larger  scale,  and  prevail  exclu- 
lifelj  over  extensive  districts,  constituting  that  broad  tract  of 
Kd,  or  rather  reddish-brown  ferruginous  sands,  so  well  known 
la  the  north  of  Oxfordshire,  Northamptonshire,  aud  Rutland- 
Aire. 

In  Oxfordshire,  the  series  below  the  fullers*  earth,  as  far  as 
thej  can  be  ascertained  in  the  neighbourhood  of  Banbury, 
appears  to  be, 
1.  Sand  and  sandstone  with  a  slight  calcareous  mixture, 
ferraginoas  and  frequently  micaceous,  sometimes  con- 
taining large  scales  of  mica  in  great  abundance ;  the  sandstone 
ioiBetiines  forming  hard  flagstones,  but  more  generally  soft. 
Few  fossils,  and  those  chiefly  belemnites,  occur,  but  towards 
the  bottom  are  some  beds  containing  rather  more  calcareous 
matter  and  more  abundant  fossils ;  these  are  externally  of  a 
rasty  brown,  and  internally  of  a  greenish  grey  colour,  derived 
from  the  suboxide  of  iron.  The  white  pearly  shells  of  na« 
menms  plicated  terebratulse,  scattered  through  this  dark 
ground,  and  having  their  interior  coated  with  crystallisations 
0f  calcareous  spar,  give  a  striking  and  pleasing  character  to 
spiecimens  of  these  beds.  Anmmnites,  belemmtes,  and  gigantic 
Ihnaa  also  occur  in  them. 

llie  calcareous  sandstones  in  the  upper  part  of  this  series, 
afford  an  indifferent  and  very  unsightly  material  for  archi- 
tectural purposes,  as  the  rusty  looking  buildings  which  cha- 
racterise the  neighbourhoods  of  Banbury  and  Northampton 
sufficiently  evince. 

The  whole  of  this  sandstone  series  is  generally  separated 
from  the  great  oolite  by  a  thick  clay,  corresponding  to  the 
fiillers'  earth  clay ;  this  may  be  seen  particularly  in  the  descent 
of  Rolwright  hill  towards  Wie  east.  Beds  of  micaceous  loam 
also  alternate  with  the  sandy  strata. 

3.  Marie  and  marly  sandstone  corresponding  with  N<f.  4  of 
the  Down  cliff  section  (page  236),  and  probably  the  marle- 
stone  of  Smith.  This  marie  is  sandy,  gritty,  micaceous,  and 
generally  derives  a  green  colour  from  a  copious  admixture  of 
suboude  of  iron.  At  first  sight  the  brown  ferruginous  sands 
much  resemble  the  iron  sand,  and  the  green  varieties  the  green 
fand,  beneath  the  chalK  formation.    The  micaceous  loam^       i 
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when  more  thaa  usaalljr  indvrtted^  wwur  an  aspect  Ttty  like 
the  loose  shlllot  afibrded  by  deeompoiiiig  ^ejwacke.  It  coif 
tains  regidar  coarses  M  coDcretioiks.  and  Bometiraes  contiaiiMi 
beds  of  an  indurated  calcareo-iiliceonf  gritstone  of  sfanUv 
character  and  coastitotion.  This  frit  contains  casts  of  laaoy 
shells,  but  the  shellj  matter  itself  is  rarely  preserved;  nor 
are  the  terebratulse,  which  characterise  the  lower  beds  o( 
No.  1,  to  be  met  with  here.  The  characteristic  shells  willbt 
mentioned  under  the  proper  hekd.  Much  of  this  gritstsas 
readil  J  decomposes  on  exposure  to  the  atmosphere,  but  some 
of  the  beds,  or  rather  some  portions  of  those  beds,  posseii  i 
very  high  degree  of  induration  :  they  are  occasionally  qnsnM 
and  squared  for  flag-stooes  or  excavated  for  troughs*  Stmt 
of  the  most  extensive  quarries  on  these  beds  will  be  found 
at  Fenny  Compton  hill,  a  little  west  of  the  tunnel  of  tks 
Oxford  canal,  on  the  borders  of  Oxford  and  Warwick,  shirei. 

The  hill  above  these  quarries  is  crowned  with  fenugiaoai 
sandstone,  beneath  which  is  a  thick  bed  of  blue  day:  thrn 
succeed  some  thin  alternations  of  marly  rocks  and  clay,  sad 
lastly  comes  the  great  mass  of  the  green  coloured  calcareoas 
grit,  which  is  quarried  to  the  depth  of  30  or  40  feet. 

Thus  we  have  seen  the  lowest  beds  of  this  series  to  consist 
of  a  green  sandy  marie,  containing  concretions  and  rock  msssei 
of  similar  character,  both  in  Oxfordshire  and  Dorsetshire.  la 
the  intermediate  district  the  same  concretions  may  be  traced, 
as  particularly  near  Stinchcombe  in  Gloucestershire,  and  Hiatoa 
St.  George  in  Somersetshire  :  they  are  there  called  sand-bars 
or  clay-burs,  and  are,  we  believe,  the  beds  designated  by  Mr» 
Smith  as  marle-stone.  These  beds  form  a  gradual  transitioa 
into  the  lias  marles. 

If  we  are  correct  in  assigning  the  sandy  beds  of  jthe  eastern 
moorlands  of  Yorkshire  to  this  formation,  we  must  add  to  tiie 
abore  account  thin  seams  of  imperfect  coal,  as  occurring  woof^ 
its  members :  this  subject  will  be  however  considered  here? 
after. 

(6)  Mineral  contents.  The  beds  included  in  this  section 
present  little  deserriog  notice  under  this  head.  The  fullers' 
earth  contains  fibrous  calcareous  spar ;  and  the  inferior  oolits 
at  Duiidry,  occasionally,  though  very  rarely,  affords  quarts 
crystals.  Common  calcareous  spar  of  course  occurs  abundantly 
in  most  of  the  beds. 

(c)  Organic  remains.  Those  of  vertebrqj  animals  are  verj 
rare  in  all  these  beds :  a  series  of  vertebrae  were  however  disr 
covered  a  few  years  back  in  the  marly  sandstone  of  Wark? 
worth,  Northamptonshire.  They  probably  belonged  to  some 
iai-ge  marine  lacerta,  but  were  dispersed  soon  after  theif  dlsr 
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Mveij,  aad  ncne  of  theoi  could  be  recoTered.  Fragnirats  of 
the  dftw%  ftc.  of  Bwriiie  cnuUcea,  ^  the  crab  or  lobster 
fc»ilifij  occyr  in  the  inferior  oolite  at  Dnndrj,  and  io  the 
«arij  aandstone  in  the  north  of  Oxfordshire.  The  Teitaceoot 
ifnnains  (as  far  as  they  have  been  hitherto  figured)  of  those 
beds  will  be  foond  in  the  following  list.  The  species,  in  the 
colamn  assigned  io  the  inferior  oolite,  which  have  an  asterisk 
prefixed,  hate  all  been  found  in  the  quarries  of  Dundry  hill 
Hear  Bristol. 

The  disposition  of  these  remains  in  the  inferior  oolite  is  tlius 
stated  by  Townshend.  The  lowest  bed  is  distinguished  by  its 
nbnndant  dasts  of  ribbed  and  studded  Trigonix ;  immediately 
Over  this  is  a  hard  and  compact  coral  bed  containing  large 
specimens  of  Madrepora  cinerascens;  and  then  succeeds  the 
taperior  bed,  abundantly  charged  with  the  other  fossils  of  the 
following  list. 

We  have  not  dbtinguished  the  organic  remains  of  the  sand 
next  below  the  inferior  oolite,  since  they  ore  few,  and  mostly 
the  same  with  those  of  the  oolite. 

The  foisils  of  the  lowest  members  of  this  sand  and  sandstone, 
"where  they  touch  and  gradually  pass  into  the  upper  lias  marie, 
Wrill  be  foond  under  the  column,  Marly  Sandstone ;  we  have 
not  however  incorporated  those  assigned  to  the  marlcstonc  by 
Mr.  Smith,  since  he  states  that  there  exists  great  difference 
between  the  various  beds  of  this  marie  in  this  respect,  and  we 
incline  to  believe  that  he  includes  under  this  name  our  marly 
sandstone  and  upper  lias  marie.  This  point  cannot  be  deter- 
mined till  the  publication  of  his  '^  Strata  Identified,  &c."  has 
proceeded  further;  the  fossils  placed  by  us  in  this  column  have 
all  been  found  in  the  north  of  Oxfordshire  and  the  adjacent 
district^  where  these  beds  are  displayed  in  the  most  striking 
manner.  They  mostly  come  from  the  bottom  beds  of  the 
green  micaceous  sandstones  which  rests  on  a  cream-coloured 
marie,  introducing  the  upper  members  of  the  lias  clays  :  the 
terebratulae  however  characterise  the  upper  beds  of  this  green 
sandstone  at  the  foot  of  the  browner  sands. 


Chambered  univalves. 


Fullers'  Earth. 


Ammoniles 
A.  modiolaris. 

Smith,  fig.  9. 
It  may  be  doubted 
however      whether 


Inferior  Oolite. 


*J.  discus.     T.  12. 

J.  concavus.     T.  04. 
f.  1. 
*J.  elegans.     T.  04. 

A.  jngosos.  T.  02.  f .  1 . 


this  does  not  rather  *A.  fianksii.    T.  200. 


Marly  Sandstone. 


A.  elegans,    T.  04. 
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FuBert'Earlh. 

bfferhr  OvUft. 

MwlsSandib 

belons  l»  the  iale- 

•S.  BitgdeBi.  r.201. 

fior  Wilts. 

"A.  Bnckenrid^i.  T. 

184. 
*^.  Brochii.    T.iOi. 
^.Brogniarti  (an  p. 

lSO.vi>l.S.> 
^.  Genrillii     (Me   p. 

189.  *ol.  3.) 
A.Benejl,    T.  199. 
A.  Stokeri.     T.  101. 
^.Watcotdf.  71106. 
•^.  Soweitil.   T.il3. 
J.Aaaa]a.tiu.T.%a9. 
^.  Strangewayrii.   T. 

S&4.  f.  1. 3. 
A.  falcatBS.     T.254. 
f.9. 
•^.  faicifer.      T.  456, 

A.  Brookii.  7 

f.«. 

•^.  BrowDl.     T.  963. 

A.  Beechii.  7 

f.4. 

NoHtHUet. 

Smith, 

•ATautfbfHineatus.   7*. 
4). 

Nautiias. 

f.  1. 

N.  uDDatus.    T.  1S4. 

BetnmiUt 

Belemtiite* 

(sleDdM 

with   a 

—  slender  withadeep 

with    very 

^eep  groore  from 

grooTC    from    the 

alveoli  &  e 

the  apex. 

apex. 

resembling 

—  long  Blender  with- 

ill the  uppi 

out  any  groove. 

maile. 

•_  Tftty  (hick  &  short, 

the  alveolar  cavily 

occnpjing   nearly 

the  whole  of  the 

shell. 

The  Belemnites  figu- 

red  by   De   Montfort 

(Conchyiiologie  Syste. 

matique,  torn.  1)  ander 

the  names  Celocis  gla- 

ber,  93geoDs,&Hibo- 

HteshartatIu,a7genuB, 

QC«?ar  H  Dwidry. 

Sect*  WM» . 
rt"  EmrOu 


) 


(cans  9i 


«e.     M» 


TVvdbnt.*  •  foMll 


.142.  apper  igs. 
T.  coiM^aYiis.  T.181 

f.3. 
T.dimidiatas.  T.181. 

f.  1.4. 
T.dapiicatos.  T.181. 

•T.  ekmgatoft.  TA93. 

f.Sto4. 
«T.piincUUu.T.lSI3. 

f.  1. 
•T.  abbrevktnt. 

T.  193.  f.  5. 
*T.fluctttii8.    T.tSO. 

f.l. 
f  T.  gnuiulalos.  T.«0. 

•T.nlcatei.    T.»0. 

f.S. 
"^T.  oraatns.     T.  Ml. 

f.l. 
*  T.  bicariiiatiis. 
T.221.  f.4. 
*Neriia  Isfigata. 
T.217.  f,  1. 
'^Grrui  nodoraf* 
T.141.f.9.&919. 
f.  12. 4. 
*6\  LeachU      T.  919. 
f.  3. 
Planorbu   euompba- 
lii3.  T.140.f.8.9. 
Mekmea  lineata. 

T.  918.  f.  k 
^M.  HeddingtoiienBli. 

T.  89. 
Turdoomatas.  T.MO. 
f.  1.2. 
*RotteUmia.  djpecies 
not  figaredL 
TtffTd«ICa^3spedM. 
jiiwtputtarkuSwpeiAm. 
Conutf  (casH^O*     lHeaciMi.^\lit« 

9h  \  T.aw. 


7W6o.^ 


J 
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TuBi/LAii  1URLGLJI.A11  Univalves.    Annelida  of  Lan 
t'ullert'  Earth.  tnfa-ior  Oolile.         Marlt/  Sa<idi\ 


Strpulii  triquelra.        Serpuk 


Equivalteo  Bivalves. 


Trigtmla  clnelUta 
(imall     varietj.) 
T.  87.  uid  K 
other  species. 


Cari/iaiHy     (Hmitli, 

fig.  5.) 
Cardila,       (Sroitli 

fig.  4.) 


Lutraria  gibbotii. 
T.  42. 


.fij/ufleoiiLU? 


"Is; 


',onia  costaU. 


•r.  cl«»ellata.    T.  87. 

•7.  Kriata.       T.  237. 
f.  1.2.3. 
T.  dupUckU.  7.237. 

f.  4.5.    - 
Arcaf 

*CuaiUma  oblonga. 
r.206,  f.  1.9. 

'Nucttla  tnat^rtacea ? 
larger  than  the  re- 
cent shell. 

*Cardium? 

*  Cardila  obtnsa. 
3\  197.  f.  9. 
•a  Imiubta.     T.  232. 

f.  1.  2. 
•C.  simiiis.  T.939.(.S. 
6".  producta.    r.  197. 
This  approaches  mucV 
O  BOiue  of  the  follow. 
iig  species  of  Lutraria; 
and  the  hinge  has  not 
lieen  ascertained. 
Lutraria  gibbosa. 
7'.  42. 
•L.  iirata.     T.  225. 
L.  atnbigua.    T.  227, 
Aslarte  excavala. 
T.  233. 
*A-  lurida?   a  TarietT. 
T.  137.  f.l. 
./f.Cnncata?  a  variety. 

T.  13T.  f.  3. 
A.  ovd.U. 


Cardila  prodiu 
T.  107. 


ct.  VI.    Lcmer  DhUkm^Itiflfiior  OaiUey  4rc.      «9 


r'  Earth. 

IftfMor  Ooiiie. 

Marhf  Sandrtime. 

{7019  listen.  T.154. 

t^nwListerL  T.154. 

f.  3. 4. 

£.3.4. 

U.  conciima  ?  T.  2)3. 

(/•concinna.  7.223. 

f.  l.«. 

f.  1.2. 

This  rather  belongs 
perhaps  to  the  lower 
sandj  beds. 
*M^a  iatermedia. 
T.76.  f.  1. 

♦3f.V.scripta.  r.M4 

M^a  y.  acripta. 

*Fishilana  ampallaria. 

T.  224.         i 

Parldnson,   toI.  3. 

T.  14.  f.  «.  4. 6. 7. 

•« 

*MyHlu$y    figured   in 

Townsend'i  Charac- 

ter of  Moses.  PL  14. 

f.4. 

uiatina, 

^Modiola  piieata. 

,  fig.  3.)  & 

r.248.  f.l. 

ler  species* 

3/.  cuneata.     T.  211. 

Madhla  cnneata. 

f.l.&348.  f.2. 

T.  248. 

*  Donax* 

wo  or  three 

« 

^mith, 

1 

*Pinna  lanceolata. 
T.  281. 

ula    (non- 

Terebraiula    (nonpli- 

7Spre&ritftf20      (not 

1  Tarieties.) 

cated  varieties.) 

pKcated.) 
T.  subrotnnda. 
T.  15.  f.  1.2. 

T.puncUta.  T.  15. 

f.4. 

inedia. 

*r.  intermedia.  T.  15. 

T.  oTata.      T.  15. 

^p  (•  8* 

f.  8. 
*r.  camea.       T.  15. 

f.  3. 

f.  5  &  6. 

• 

*r.semigloba.  7,15. 

f.9. 
*T.  digona.     T.  06. 

hocephala. 

*T.  omithocephab. 

n.  f.  1. 

r.  101.  f.  1. 
r.  acota.     T.  150. 
f.  1.2.                    \ 

• 

T.  resupinata*  7.150. 
f.  3. 4.  \ 
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term. 

Fullers'  Earth. 

Injtrior  GoUte. 

Matlg  SaniA 

TtnbrdhtU  (pliau 

TartbnOiAi  (pUcaied 

Tertbtattda  (] 

ted  TuiMi^t.) 

TBrietiei.) 

ted.) 

T.  nedia.    T.  8S. 

•r.mecfi*.  r.83.  f.6. 

T.  tetraedn. 

f.  «. 

T.  obsoleta.      T.  83. 

f.4. 

f.7. 

T.  cromcna. 

T.  ipiDOM,  figureaju 

f.«.3. 

Townftead'scharacr 

UrofMowi.  PUle 

.   14.  f.8&». 

T'.bMmHt.r^SS. 

-f.8, 

0.(r«i  trichite*  ?    the 
fibroiu  shell  of  which 
fragmentt  arecominoQ 
in  this  formation. 

Ottrea  ragou. 

Oslrea  rugoia. 

Ottrea  seven 

O.  acuminata. 

Cies. 

T.  135.  f.  4. 

f.S. 

Grj^haa  dill 

Q.  Manhii,  T.  4S 

•Ogregarea.     J".  Ul 

f,  1. 
"0.  palmata.     7".  Ill 

f.3. 
0,  resembling  grego- 

rea,  but  finely  tar 

berculated. 

T-  149. 

Pecfen. 

"Pectea  tens.    T.  105 

Pecten  seven 

WaUot'it  Bath 

f.  2.  3. 

cies. 

fosBil..  f.  37. 

"P.  barbatus.    r.asi 
P.  fibrosus.      ?■.  136 

f.4. 
P.  equivalm.  T.  136 
f.  1, 
*Lima  proboscidea. 

J 

Z^>a   prabM 

T.  2.  f.  64. 

T.  264. 

L,  gibbosa. 

'' 

*Jviaila  coilala. 

r.S44.  f.  I.  also  a 

variety  with  tuber- 

culate  ribs. 

*Pema  Aviculoides. 

T.M. 

'\ 

LVenotula? 
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ullers'  Earth. 


^ostoma  oval  18. 
r.ll4.  (.5. 


InJMor  Oolite,        Marly  Sanditone. 


*P1agiostoma  punctata 

T.  114.  f.  1. 
♦P.rigida.  r.U3.  f,l. 
*P.  gigantea  ?     T.  77. 

a  flatter  variet  j. 


'hese  beds  present  the   following  species  of  the  familj 

'he  fullers'  earth  and  rock  contains  the  same  depressed 
lies  of  Conulus  with  the  combrash,  Parkinson,  toI.  S.  T.  3. 
The  inferior  oolite  contains  Cidaris  subangularis  (Par- 
M>n,  vol.  3.  T.  1.  fig.  4),  another  Cidaris  not  described,  a 
d  species  resembling  the  Echinus  angulosus  of  Laml(^ck, 
yd.  Method.  PI.  133.  f.  7.,  and  a  fourth  belonging  to  the 
larckian  genns  Echinus,  but  not  described.  The  Clypeos 
atus,  and  a  smaller  species  called  bj  I Jiwydd  clunicularis, 
occur  in  the  inferior  oolite. 

i^e  have  not  as  yet  met  with  any  Echinites  in  the  sandy 
B  beneath  the  inferior  oolite. 

){'  the  Encrinital  family,  the  Pentacrinites  caput  medusae 
Pentacrinites  subangularis  of  Miller,  occur  in  the  inferior 
te  and  likewise  in  the  marly  sandstones. 
)f  the  Coralloid  order  several  genera  occur  in  the  inferior 
te;  viz.  an  Astrea  resembling  A.  siderea,  a  species  inter- 
liate  between  Astrea  and  Mceandrina,  a  Caryophyllia,  a 
igia,  a  Cyclolites  (the  C.  elliptica  of  l^aroarck),  the  Alecto 
jamouroux  (see  his  new  edition  of  Ellis,  T.  81.  f.  12.),  and 
?liepora. 

ownsend  also  mentions  the  Madrepora  cinerascens  (Expla* 
a  mesenterina  of  Lamarck),  as  found  in  the  inferior  oolite* 
le  of  these  have  yet  occurred  in  the  inferior  sands. 
!*races  of  Alcyonia  are  observable  both  in  the  inferior  oolite 
marly  sandstones. 

i)  Range  and  extent*  These  beds  stretch  diagonally  across 
island  from  north-east  to  south-west,  sometimes  forming 
north-western  portion  of  the  great  chun  of  Stonebrash  hills 
rribed  in  the  preceding  section,  and  at  others  entirely 
&ned  to  their  escarpment  in  that  direction.  The  former 
I  occurs  ^hen  the  hills  are  low,  as  in  the  midland  counties ; 
latter  where  they  are  lofty  and  steep,  so  as  to  comprise 
aggregate  thickness  of  these  beds  in  the  interval  between 
r  base  and  summit.  This  generally  takes  place  in  the  Cot- 
rolds  of  Gloucestershire,  and  in  the  part  of  the  chain  which 
erses  the  north  of  Somersetshire* 
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In  the  north-eastern  connties  (in  which  direction  «e  ilall 
begin  to  trace  their  coorse)  these  beds  constitute  the  sandjdis> 
trict  of  the  eastern  moorlands  in  Yorkshire,  if  onr  Tiews  oCdie 
geological  structure  of  that  country  be  correct ;  but  for  the  res- 
sons  so  often  already  giTen,  the  particular  examination  of  that 
district  must  be  referred  to  a  distinct  article. 

Crossing  the  Humber  into  Lincolnshire,  we  find  these  bedi 
occupying  the  western  portion  of  the  Stonebrash  hills,  wMch 
(as  we  have  before  seen)  traverse  that  county  near  its  westen 
border  from  north  to  south.  The  ferruginous  freestcmes  attca- 
dant  on  this  part  of  the  series,  ure  well  displayed  on  the  boiden 
of  Lincolnshire  and  Leicestershire,  in  the  hills  above  Granthasi 
and  the  vale  of  Belvoir. 

Proceeding  southwards,  they  occupy  all  the  western  half  sC 
Rutland  and  the  adjoining  border  of  Leicestershire,  eztendmg 
from  about  two  miles  east  of  Uppingham  as  far  neariy  sf 
Houghton  on  the  I^icestcr  road.  They  are  however  coversl 
in  many  places  with  vast  accumulations  of  transported  blocks  oC 
gravel  near  their  junction  with  the  lias,  which  is  therefore  oftea 
obscure.  Burrough  hill,  crowned  with  an  extensive  Roma 
camp  (about  five  miles  north-east  of  Houghton),  forms  a  pro- 
minent summit  terminating  and  commanding  the  range,  aod 
abounds  with  fossils.  It  does  not  appear  that  this  district  has 
as  yet  been  examined  with  sufficient  attention  to  ascertain  the 
lines  of  junction  of  the  beds  of  which  we  are  now  treating, 
either  with  the  incumbent  oolite  or  subjacent  lias,  in  a  mannor 
fully  accurate  and  satisfactory. 

On  entering  Northamptonshire,  the  upper  junction  of  thefe 
beds  with  the  great  oolite  has  already  been  traced  with  suffin 
cient  minuteness  in  the  preceding  section ;  the  inferior  junction 
with  the  lias  clays,  from  Rutland  to  the  confines  of  Oxfordshire, 
Gloucestershire,  and  Warwickshire,  pursues,  generally  speai'> 
ing,  the  lower  region  of  an  escarpment  of  hills  ranging  from 
north-east  to  south-west.  This  escarpment  is  however  broken 
into  by  many  transverse  vallics,  which  form,  as  it  were,  deep 
and  broad  bays  in  it,  and  of  course  produce  similar  indentations 
in  the  junction  which  follows  them.  The  first  of  these,  reckoning 
from  east  to  west,  is  that  which  extends  from  Market  Har- 
borough  to  the  south  of  Maidwell,  but  this  junction  is  mack 
concealed  by  alluvial  debris  throughout  this  tract.* 

*  It  would  be  easy  to  collect  from  the  transported  blocks  in  the  vicinitv 
of  Harborough  alone,  a  tolerably  cr  ■  lete  suite  of  Englisb  rocks  from  chalk 
to  transition  slate.  A  vast  tract  of  Uiese  debris  stretches  over  the  Um  chy 
at  the  foot  of  the  escarpment  described  in  the  text  along^  the  borden  of 
Leicestershire  and  Warwickshire  from  Houfhton  b]r  Harborough,  JLutter^ 
worth,  and  Rugby,  toiR'ards  Dayeutry:   th^  alluTium  mvist  oe  of  grtat 
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On  the  west  of  Market  Harborough  the  lias  cUys  are  seen  at 
kendon  and  MarsUm  Trussel,  and  the  escarpment  of  the  fer- 
iginoas  sands  ranges  above  these  places  towards  the  eventfal 
lains  of  Naseby  heath,  and  thence  by  Walford,  and  near  which 
:  approaches  and  accompanies  on  the  east  the  line  of  the  Grand 
fnion  Canal,  which  enters  and  undermines  that  escarpment  at 
!rick  tunnel, — ^the  tunnel  being  excarated  in  the  subjacent  lias 
tays  beneath  the  marly  sandstone  which  crowns  the  escarp- 
lent.  Having  passed  the  ridge,  the  canal  traverses  a  denuded 
illey  on  the  lias  clays  as  far  as  its  junction  with  the  branch 
immunicating  with  the  Oxford  Canal,  which  passes  the  same 
dge  under  circumstances  exactly  similar  at  Braunston  tunnel. 
The  breadth  of  the  district  of  ferruginous  sands  in  this  part 
r  its  course,  is  very  considerable ;  it  is  difficolt  however  to  state 
correctly,  on  account  of  the  very  tortuous  lines  formed  both 
f  its  superior  and  inferior  junction,  but  if  we  reduce  these  to 
168  expressing  their  mean  course,  the  distance  between  them 
111  average  about  ten  miles.  The  account  given  under  the 
aid  ^  (a)  Chemical  and  external  characters'*  of  the  varieties 
esented  by  these  beds  in  the  midland  counties,  will  sufficiently 
:plain  the  structure  of  this  tract. 

Near  the  tunnels  abote  mentioned  at  Crick  and  Braunston, 
le  scarped  edge  of  these  beds  forms  a  long  level  ridge  of  incOn- 
derabie  height;  but  near  Daventry  (aboat  a  mile  west  of 
hich  town  the  escarpment  ranges)  it  becomes  broken,  and 
iried  with  loftier  summits  rising  above  the  general  surface  of 
le  platform. 

Such  are  Burrow  hill  near  Daventry,  crowned  with  one  of  the 
ost  extensive  ancient  camps  in  the  island ;  Arbury  hill,  simi- 
rly  fortified  and  distinguished  as  a  station  in  the  trigono- 
etrical  survey;*  this  rises  804  feet  above  the  level  of  the 

•pdi, — it  often  fbrmi  low  ridges  of  hilli,  and  in  tome  initances  (m  xkewr 
raimston)  caps  the  escarpment. 

*  The  accuracy  of  the  astronomical  observations  made  at  Arbury  hat 
len  called  in  question  in  the  controversy  respecting  the  measure  of  the 
eridianal  arc  deduced  from  this  survey.  One  writer.  Captain  Kater,  has 
pposed  that  a  deflection  of  the  plum-line  may  have  been  produced  by  the 
tracdon  of  some  rock  of  greater  density  at  no  great  depth  beneatn  the 
rfiace,  arguing  to  the  probability  of  such  a  circumstance  from  the  occur- 
nee  of  the  sienitic  group  of  Charnwood  £M'est,  about  25  miles  north  of 
is  hiir.  An  exact  knowledge,  however,  of  the  structure  of  this  district, 
monstrates  that  the  probability  is  every  w^j  against  this  supposition. 
be  lias  and  new  red  sandstone  formations  ^re  in  this  quarter  very  regular, 
id  cannot  be  together  estimated  at  't^than  1000  feet  in  thickness;  and 
nothing  in  any  of  the  neighbouring  acnudations  indicates  the  protrusion 
any  ridge  of  the  older  and  elevated  rock  strata  through  this  mass,  there 
every  appearance  that  it  would  be  necessary  to  sink  to  this  depth  before 
ly  such  rock  could  be  met  with. 
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sea ;  the  tjBitoiaidijig  and  adjaoent  sumniitt  of  Stadlraiy,  Iti- 
irertoQ)  RydoD,  Badby,  and  those  a  little  farther  soutli  at  Ckn* 
weltoD,  Heliidon,  and  Byfield,  nearly  rival  Arlmrj  In  Wi|^3 
they  have  the  general  appearance  of  a  series  of  rooiided  etAak 
knolls  scattered  confusedly  over  a  platform  of  lower  alefstis% 
and  constitute  by  far  the  most  varied  and  picturesque  sccaciy 
in  this  part  of  the  country :  they  are  entirely  composed  of  tie 
ferruginous  sands,  which  also  crown  the  insulated  sand  dotichii 
(or  outlying)  hills  of  Shuckborough  and  Naptosiy  rising  bm 
the  lias  plains  at  the  foot  of  the  escarpment  on  the  west  rt  she* 
fiMir  miles  south  of  these  is  another  similar  outlier  on  wUcb 
stands  the  village  of  Boddington.    Tlus  group  of  emincBCti 
round  Arbury,  inconsiderable  as  is  tlieir  absolute  heighti  m 
yet  the  most  elevated  ground  in  this  part  of  the  island,  uid  tkfd 
their  waters  to  three  different  quarters  of  its  dreumfercBeei  i 
distinction  in  which  they  have  few  rivals ;  for,  as  MoreCon  oh» 
serves,  ^^  from  Hellldon  downs  there  springs  forth  the  Lssssr 
(which  flows  westwards  by  Lnamington  into  the  Warwtckshiit 
Atoo,  and  thus  is  finally  emptied  through  the  Severn  into  tie 
Bristol  Channel) ;  from  Studbary  hill,  or  very  near  it,  dtt 
Nyne  or  Nen  (which  flows  eastward  till  it  disembogues  in  tli» 
SBStuary  of  the  Wash  on  the  German  Ocean) ;  and  lastly,  frosi 
the  hills  on  the  north-west  of  Cherwelton,  %  the  ChenreU 
(which  flows  south  into  the  Thames) ;  and  all  these  springs  sie 
within  an  equilateral  triangle  whose  sides  do  not  exceed  about 
a  mile  in  length.    From  Stud  bury  hill  alone,  indeed,  and  ths 
grounds  at  the  foot  of  it,  the  rain  water  that  falls  there  rani 
down  to  three  different  points ;  a  part  of  it  westward  to  ^ 
Leame ;  another  part  eastward  to  the  Nen ;  and  the  rest  sotth^^ 
ward  to  the  Cherwell." 

These  scattered  summits,  evidently  the  fragments  of  strsla 
which  have  been  once  continuous,  demonstrate  to  whit  ss 
extent  the  action  of  the  denuding  causes  has  taken  place  ia 
this  quarter.  The  same  causes  appear  to  have  formed  that 
deep  and  broad  valley  indenting  the  course  of  this  chain  like  a 
deep  bay,  through  which  the  Cherwell  flows  to  the  south  (the 
western  branch  of  that  river  rising  within  it,  and  the  eastera 
soon  entering  it):  the  Oxford  canal  avails  itself  of  the  letri 
tract  of  the  same  valley,  which  completely  traverses  and  bisect! 
the  course  of  the  Stonebrash  hil^ ;  thu  valley  is  excavated  m 
the  lias  clays  as  far  as  Banbury  and  a  little  to  the  south  of  that 

-f  Theie  are  erroneoutly  coloured  at  if  they  were  entirely  compoied  of 
lias  to  Mr.  Greenough's  map. 

\  Near  Cherwelton  there  i^a  small  accumulation  of  chalk  flint  gtaTll* 
and  other  alluvial  debt\%  \u  iVxc  VyAtom  msmu^  the  hiili* 
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n,  but  the  ferrugioous  sands  cross  it  between  Adderbnrjr 
Astrop. 

>D  the  west  of  this  valley,  an  elongated  and  insalated  ridge 
lilis,  capped  bj  the  strata  belonging  to  this  part  of  the 
es,  extends  from  the  north-east  angle  of  Oxfordshire  into 
contiguous  parts  of  Warwickshire,  ranging  on  the  west  of 
ny  Compton  (the  quarries  of  which  place  haye  been  already 
itioned  in  describing  the  general  characters  of  the  forma- 
),  to  North  End  in  Burton  Dasset  parish.  This  ridge 
IS  a  projecting  head-land  advancing  over  the  subjacent  lias 
as,  and  commanding  extensive  views  towards  the  Malvern 
)  at  the  distance  of  40  miles. 

.  breadth  of  one  mile,  exposing  a  valley  of  denudation  in 
lias  clay,  and  conveying  a  streamlet  which  joins  the  Cherwell 
knbnry,  separates  this  ridge  from  the  range  of  Edge  hiil, 
ilevated  platform  terminating  in  a  sharp  angular  point  (near 
:h  is  a  very  perfect  Roman  camp)  on  the  north,  and  form- 
what  may  be  considered  as  the  eastern  promontory  of  the 
X  lias  bay  of  Shipston  on  Stour,  which  has  been  before 
itioned  as  deeply  indenting  the  general  line  of  the  hills  of 
formation.  The  escarpment  of  Edge  hill,  which  commands 
insive  views  towards  the  chain  of  Abberley  and  Malvern, 
ery  abrupt  and  almost  precipitous  towards  the  north  and 
t,  and  nearly  coincides  with  the  boundary  line  of  Oxford 
.  Warwickshire.  In  the  latter  direction  a  little  south  of  the 
called  Sunrising  (wh&re  the  road  to  Stratford  branches  off 
D  tb^t  to  Warwick)  a  colossal  figure  of  a  horse,  similar  in 
gn  to  that  of  the  Berkshire  downs,  deeply  excavated  in 
ferruginous  sands,  formerly  gave  from  its  colour  the  name 
he  vale  of  the  Red  horse  to  the  plains  of  Shipston  beneath, 
i  original  figure  has  been  destroyed  by  recent  enclosures ; 
modem  art  has  only  replaced  it  by  a  miserable  colt ;  the 
ed  appears  to  have  become  degenerate ; 

^'  Venale  pecus  Corythcs  posteritas  et 
Hirpiniy 

Ls  far  as  the  Red  horse,  the  platform  of  Edgehill  is  varied 
f  by  long  vallies,  furrowing  it  to  convey  tributary  streamlets 
ards  the  Cherwell  in  a  south-east  direction ;  but  on  the 
th  of  this  point  a  groupe  of  rounded  conical  summits,  (ex* 
ly  resembling  those  already  described  near  Arbury  hill  in 
rthamptonshire)  rises  above,  and  breaks  its  long  level  out- 
\.  Shenlow  hill  above  the  village  of  Sfaennington  (which 
ids  on  the  brink  of  a  picturesque  valley)  is  the  most  north- 
f  and  conspicuous  of  these  sunmits ;  Epwell  hill  is  another 
nt  of  the  same  groupe,  and  is  estimated  \n  \Vi^  Tt\%Qi^^< 
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metrical  Surrey,  for  which  it  furnished  one  of  the  stations^  tt 
836  feet  aboTe  the  sea.  The  adjacent  country  affords  the  finest^ 
or  indeed  (with  the  exception  of  some  parts  of  the  vale  «( 
Oxford)  the  only  good  scenery  in  Oxfordshire.  These  hilb 
are  entirely  formed  of  the  ferruginous  sands ;  the  sobjaeent 
marly  sandstones  occupy  the  escarpment  of  the  geneiml  plit- 
form. 

Near  the  foot  of  the  Epwell  hills,  is  one  of  the  snbsided 
portions  of  oolite  which  has  been  described  in  the  precediif 
section. 

On  the  west  towards  Brailes  (stretching  in  a  bold  range  by 
Compton  Winyate),  the  descent  of  the  escaipment  presnti 
many  beds  of  ferruginous  sandstones  alternating  with  loany 
marleS)  resting  on  a  thick  bed  of  dark  blue  clay,  beneath 
which  is  a  lower  terrace  of  the  marly  sandstones  resting  on  the 
lias  clay.  Brailes  hill  or  rather  hilhi  consist  of  two  detachad 
and  lofty  summits  rising  like  islands  from  the  great  lias  bajsC 
Shipston  (or  Vale  of  Red  horse)  one  on  the  north-west,  and 
the  other  on  the  south-west  of  Brailes  ;*  these  agree  in  com- 
position with  the  opposite  escarpment,  but  the  greater  of  them 
(the  southern  hill)  exhibits  in  one  field  on  its  summit  a  patch 
of  oolite. 

South  of  Brailes,  the  escarpment  ranges  by  Whichford  and 
Ijong  Compton  under  the  Rolwright  hills,  which  exhibit  oolite 
on  their  summit.  These  constitute  what  may  be  considered  as 
t!ic  southern  boundary  of  the  lias  bay  of  Shipston  (or  vale  of 
Kcd  horse)  ;  but  the  Even  lode,  which  rises  in  this  quarter, 
flows  southward  through  a  valley  which  forms  a  prolongation} 
or  to  preserve  the  metaphor  a  creek,  opening  into  that  bar, 
and  traversing  the  oolite  hills ;  this  continues  tolerably  broad 
(more  than  a  mile  across)  till  it  approaches  Shipston  under 
Which  wood. 

The  ridge  noticed  in  the  preceding  section  as  running  on  the 
nof  th-west  from  Whichwood  forest,  and  being  covered  with  a 
cap  of  the  great  oolite,  forms  the  western  boundary  of  this 
vale.  The  strata  beneath  this  oolitic  cap,  as  seen  on  both 
sides  the  ridge,  at  Idbury  on  its  eastern  escarpment,  and  th<r 
donuded  valley  of  Great  Rissington  on  the  west,  are  first,  claj 
throwing  out  a  series  of  springs,  then  ferruginous  sandstones 
containing  bclemnites  and  terebratulae  (great  Rissington  stands 
on  these  bejis)  and  beneath  these  clay  again,  containing  large 
conditions  of  the  marly  sandstone  of  extraordinary  induration. 
The  hills  proceeding  north  from  Stow  in  the  Wold  above  More- 

•  Inadvertently  coloured  as  lias  in  Mr.  Greeoough's  Map  j  where  llify 
4irc  mat  kcd  by  the  leuer  u. 
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too  in  the  Manh  (though  separated  near  the  former  place  by 
«  breich  opening  into  the  denuded  vale  of  Rissington)  form 
tte  continoation  of  the  same  ridge  with  which  they  correspond 
hi  compotfition.  These  constitute  the  western  border  of  the 
bfOttd  part  of  the  great  Has  bay,  and  after  circling  round  a 
•oit  of  creek  which  forms  the  vale  of  Campden,  terminate  in  a 
liold  promontory  at  the  Ilmingdon  hills  (the  north-west  cape 
of  this  bay),  immediately  on  the  north  of  which  lies  the  insu- 
lated sammit  of  Meon  hill :  all  these  points  have  been  des- 
cribed already  in  the  preceding  section.  The  strata  on  the 
escarpment  of  the  Ilmiagdon  hills,  in  ascending  from  the  vil- 
lage, arc  first,  a  thick  bed  of  marly  sandstone,  above  this  a 
aeries  of  clays  traversed  by  some  thin  beds  containing  Ammo- 
nites, &c.,  then  a  very  ferraginous  rock  :  above  this  the  slope 
«f  the  hill  is  more  gradual,  and  the  road  is  not  sufficiently 
«ieeply  cut  to  exhibit  the  strata,  which  however  are  seen  to  be 
decidedly  oolitic  on  the  summit. 

From  this  promontory,  the  Cotteswolds  range  in  the  line 
already  sufficiently  described  in  the  preceding  section,  south- 
aoath-west  by  Cheltenham  and  Stroud  towards  Bath :  they 
appear  to  be  generally  capped  by  the  great  oolite,  and  to 
exhibit  the  strata  we  are  now  describing  in  their  escarpment : 
most  of  the  insulated  (or  outlying)  hills  situated  in  advance  of 
the  chun  and  rising  from  the  lias  plains  on  the  west,  appear 
li«»wever  to  be  wholly  composed  of  them.  Breedon  hill  is 
lioweTer  so  lofty,  that  it  may  be  expected  (for  we  are  not 
aware  that  it  has  yet  been  attentively  examined)  to  exhibit  a 
cap  of  the  great  oolite  ;  on  this  account  it  has  been  mentioned 
in  the  preceding  section.  This  is  the  most  important  of 
tbeae  outliers,  and  forms  a  considerable  group  of  hills  lying 
north-east  of  Tewkesbury  ;  it  is  marked  k  in  Mr.  Greenough's 
Map.  The  Tredington  hills*  a  little  south  of  tlie  above 
(marked  t).arc  capped  by  the  sandy  beds  of  the  inferior  oolite, 
as  are  Churchill  (marked  h)  in  the  north-east,  and  Robinswood 
bill  on  the  south  of  Gloucester. 

Mr.  Halifax  has  furnished  us  with  the  following  memorandum 
of  the  section  on  the  western  escarpment  of  Painswick  hill 
(north-west  of  Stroud),  which  well  illustrates  the  general 
atmctnre  of  this  part  of  the  chain* 

*  Tredington  hills  are  inadvertently  colopred  a«  lias  in  Mr.  Oreenough'a 
Man. 
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The  course  of  the  oolitic  hills  in  the  vicinity  of  Bath  has 
already  been  sufficiently  noticed  in  the  preceding  section,  and 
it  is  now  only  necessary  to  add  that,  beneath  the  cap  of  the 
^reat  oolite  which  crowns  them,  the  series  of  strata  now  des* 
cribed  occupy  their  middle  and  lower  regions,  occurring  in 
^e  order  indicated  in  the  list  insortod  in  the  note  on  their 
ckemical  and  external  characters  (p.  20^),  which  may  serve  as 
Vtype  of  structure  of  all  the  escarpments  surrounding  Bath.*^ 
The  inferior  oolite  generally  forms  lower  terraces  advanced  in 
front  of  the  higher  table-land  capped  by  the  great  oolite ;  and 
€othe  west  of  the  general  lino  of  the  escarpment,  often  con- 
stitutes detached  summits  or  outliers  (as  may  be  particularly 
€)lMerTed  south  of  the  line  between  Bath  and  Bristol) :  such 
are  the  ridge  on  which  Newton  park  stands,  the  conspicuous 
ImDinock  of  Stantonbury  hill  (crowned  with  an  extensive  and 
|ierfect  ancient  British  camp,  connected  with  and  strengthening 
file  Belgic  boundary  line  of  Wansdikc),  the  three  conical  sum- 
laitf  of  the  Barrow  hills  and  the  adjacent  ridge  called  the 
9leight  in  Tirosbury  parish ;  but  Dundry  hill  (three  miles  south 
af  Bristol)  is  the  largest  and  most  conspicuous  of  these  de- 
tached outlying  hills.  This  presents  a  long  narrow  ridge  nearly 
four  miles  from  east  to  west,  and  sending  off  a  short  branch 
from  its  western  extremity  towards  the  south-east ;  this  ridge 
rues  about  300  feet  above  the  lias  platform  which  supports  it, 
and  700  feet  above  the  level  of  the  sea  ;  it  has  a  thick  cap  of 
the  inferior  oolite  throughout,  which  has  been  very  extensively 
quarried  as  a  freestone  near  the  western  end  ;  the  eastern  end 
exhibits  a  large  camp  corresponding  with  that  on  Stantonbury, 
and  forming  a  part  of  the  same  defensive  line. 

The  principal  escarpment  of  the  inferior  oolite  (ranging  on 
the  east  of  these  outlying  summits)  proceeds  from  Bath  to  the 
south-south-east  above  English  combe,  Priston,  and  Paulton^ 
being  intersected  however  by  several  deep  vallies  of  denudation 
which  cut  through  the  subjacent  beds  into  the  new  red  sand- 
stone on  which  it  rests.  Clandown  above  Paulton  is  remark- 
mble  for  the  deep  pits  sunk  through  most  of  the  intermediate 
beds  into  the  regular  coal  measures  ;  one  of  these  exceeds  900 
teboms  in  depth,  but  this  begins  in  the  lias  ;  another,  just  on 
the  edge  of  the  hill  towards  Paulton,  commences  in  the  inferior 
Mlite  :  of  this  pit  (peculiarly  interesting  as  verifying  the  order 
«f  all  the  intermediate  beds  and  exhibiting  an  instance  unique, 
«i  far  as  this  island  is  concerned,  of  any  successful  experiment 

*  8one  ioterettiii^  facts  connected  with  the  nibfidencet  and  slopes  of 
the  itnu  in  this  neighbourhood  will  be  found  under  the  head  hcHf-tim 
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to  reach  the  coal  from  beds  so  far  above  it  in  thB  regular  seria) 
a  section  will  be  hereafter  given.  No  inference  however  cm 
be  drawn  from  this  district  in  favor  of  similar  trials  elsewbcrp, 
since  two  peculiar  circumstances  here  concur ;  Ist,  the  maoMr 
in  which  these  more  recent  beds  here  overlie  the  coal  field, 
resting  unconformably  in  horizontal  planes  on  the  traucatcd 
ends  of  the  highly  inclined  strata  belonging  to  the  coal  n»» 
sures ;  and  2ndly,  the  thinning  out  of  many  of  the  beds  it 
this  direction ;  in  consequence  of  which  the  sands  of  the  bh 
ferior  oolites,  and  the  clay  of  the  lias,  are  greatly  reduced,  lal 
hate  almost  vanished  in  many  places,  leaving  the  freestont 
beds  of  the  inferior  oolite  almost  in  contact  with  the  lover 
stony  beds  of  the  lias ;  the  new  red  sandstone  also  being  grettly 
diminished  in  thickness,  so  th«it  a  geological  interval,  equal  ii 
many  other  districts  probably  to  2000  feet  is  here  reduced  t* 
less  than  a  quarter  of  that  depth. 

South  of  Paulton,  in  Kilmersdon  and  Babington  parishei, 
the  inferior  oolite  spreads  over  the  same  platforms  with  the 
diminished  lias,  and  it  becomes  somewhat  difficult  in  maof 
places  to  trace  the  latter  as  a  distinct  formation.  In  the  sootli 
of  the  latter  parish,  and  in  Melis,  the  horizontal  planes  of  the 
Inferior  oolite  come  in  contact  (in  the  manner  represented  in 
tlie  wood-cut,  page  228)  with  the  inclined  coal-measures  and 
mountain  limestone  constituting  t)»e  eastern  portion  of  the 
Mendip  hills,  which  expire  in  this  direction  by  the  lowering 
of  their  strata ;  so  that  they  become  buried  beneath  the  level 
of  these  more  recent  formations,  and  are  here  exhibited 
only  in  the  bottom  and  sides  of  the  vallies  of  denudation. 
Such  is  the  character  of  the  district  lying  between  Me  lis  on  tlie 
north,  Frome  on  the  west,  and  the  two  Cranmores  on  the 
ftouth ;  an  uniform  and  elevated  plain  of  the  inferior  oolite 
spreads  over  its  whole  surface,  furrowed  by  vallies  about  150 
or  200  feet  deep,  which  expose  the  mountain  limestone.  The 
character  of  many  of  these  Tallies  (particularly  of  that  betweeo 
Nells  and  Frome  and  its  lateral  branches)  is  highly  romantic; 
the  streamlets  that  flow  through  them  being  skirted  by  bold 
and  rocky  banks  overgrown  by  feathering  woods ;  while  tlie 
geologist  observes,  as  a  feature  of  peculiar  interest  in  their 
precipitous  escarpment,  the  actual  contact  of  the  horizontal 
bed  of  inferior  oolite  resting  on  the  truncated  edges  of  strati 
of  mountain  lime,  thrown  up  in  an  angle  of  from  50  to  00 
degrees.  This  line  of  contact  is  sometimes  perfectly  level  fef 
a  considerable  distance  (as  if  the  edges  of  the  mountain  lime- 
stone strata  had  been  rendered  smooth  by  some  mechanical 
fnrrc  abrading  them  previously  to  the  deposition  of  the  inferior 
oolite),  but  molhcT  u\!^tances  it  is  rugged  and  irregular  j  sonic- 
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times  the  contact  is  marked  bj  a  breccia  of  fragments  of  the 
alder,  cemented  by  the  newer  rock,  but  this  is  by  no  means 
constant.  On  the  north  of  Doulting  hill,  between  West  Cran- 
■wre  and  Shepton  Mallet,  the  inferior  oolite  abuts  against  the 
Bid  red  sandstone  which  forms  the  nocieus  of  the  Mendips, 
ud  here  begins  to  display  itself  in  considerable  eminences  at 
Downhead  common.  Doulting  hill  is  celebrated  for  its  quar* 
ries  of  the  inferior  oolite,  which  here  affords  a  valuable  free- 
stone. Between  Doulting  and  Shepton  Mallet,  the  inferior 
Dolite  and  lias  abut  against  the  inclined  strata  of  Mendip, 
nnder  such  circumstances  and  with  such  considerable  variations 
fiom  their  usual  aspect,  that  it  is  not  easy  to  pronounce  to 
which  formation  many  of  these  anomalous  beds  belong  :  similar 
beds  continue  to  hang  on  the  southern  slope  of  the  Mendips, 
on  the  north  of  the  line  between  Shepton  Mallet  and  Wells. 

It  is  only  however  where  immediately  in  contact  with  the 
If endip  range,  that  this  obscurity  prevails ;  for,  from  Doulting, 
the  general  line  of  the  inferior  oolite  is  continued  south  by 
Caonard's  grave  towards  Bniton,  forming  a  conspicuous  escarp- 
ment rising  above  the  lias  plains  which  extend  westwards : 
over  these  some  outlying  hills  of  the  same  formation  are  scat- 
tered ;  riz.  the  long  ridge  of  Pennard  hills,  and  the  more 
striking  and  far  seen  cone  of  Glastonbury  Tor.  Brent  knoll,  a 
lofty  lias  hill  rising  out  of  the  marshes-  on  the  border  of  the 
Bristol  channel  to  the  height  of  between  400  and  500  feet,  also 
exhibits  on  its  summit  a  cap  of  inferior  oolite  nearly  coextensive 
with  the  ancient  encampment  which  crowns  it. 

fiat  io  return  to  the  main  escarpment;  this  ranges  from 
Bniton  south-west  to  Castle  Cary,  and  thence  south  by  the  two 
Cadburys,  near  the  most  southerly  of  which  a  detached  sum- 
■slt  of  this  formation  gives  position  to  one  of  the  boldest  and 
strongest  ^cient  encampments  extant  in  the  island,  girding  its 
rides  with' triple  fosses  and  stupendous  mounds.      Near  this 

Eintthe  range  circles  westwards  round  the  vale  of  Marston 
agna,  pursuing  a  line  between  Ivelchester  and  Yeovil  to 
tlndnster. 

Between  Ilminster  and  the  coast,  the  junction  of  the  inferior 
oolite  and  sands  with  the  lias  ranges  due  south,  but  is  very 
generally  concealed  by  overlying  hills  of  the  green  sand  forma - 
tkm  supporting  ocr^isionally  chalky  summits,  and  connected 
^rith  the  great  western  extension  of  these  beds  towards  the 
Blackdown  hills. 

On  the  coast,  the  series  of  beds  of  which  we  arc  now  treating 
is  finely  displayed  in  the  sections  presented  by  the  cliffs  between 
Charm^uth  and  the  head  of  the  Chesil  bank. 

Proccedbg  from  west  to  east,  we  first  find  the  luCcnoi  wA\V^^ 
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resting  oa  the  llas-marle  oil  the  sammii  of^  staep  pjramifiil 
cliff  about  half  way  boneath  Charmoath  and  Bridport  harbtv, 
called  the  Golden  Cup,  (perhaps  a  cormption  of  the  GoMta 
Cap,  as  derived  from  the  reddish  yellow  colour  of  the  mmmlL 
strongly  contrasted  with  the  dark  blue  of  its  base) :  Down  clif 
succeeds^  in  which  the  dip  of  the  strata  towards  the  east  ki 
brought  them  somewhat  lower :  a  third  cliff  in  which  the  iilc* 
rior  oolite  and  sands  occupy  the  middle  region,  (the  hill  abtii 
being  crowned  by  the  fissile  variety  of  the  great  oolite),  iatfliw 
venes  before  we  arrive  at  the  mouth  of  Bridport  harbonr.  TW 
first  cliff  west  of  Bridport  harbour  no  longer  exhibits  the  lis 
clays,  (these  having  here  been  carried  by  their  dip  below  Ihs 
sea  level),  and  the  lowest  visible  beds,  being  those  wluch  est* 
tain  the  concretions  of  green  marly  sandstone,  intermediate  k^ 
tween  the  sands  and  lias :  in  Burton  cliff,  which  follows  thjiy 
the  inferior  oolite  itself  sinks  in  like  manner,  being  snceeedei 
on  the  east  by  a  low  cliff  of  the  fuller's  earth  clay  full  of  fibrsn 
calcareous  spar.  The  average  dip  of  the  strata  in  these  difsii 
about  I  in  50 :  their  order  and  nature  have  been  already  giia 
in  the  notes  on  the  chemical  and  external  character  of  this  put 
of  the  series,  page  236. 

{e)  Height  of  hills.  This  series  of  strata  is  in  many  ii> 
stances  contined  to  the  escarpment  of  the  hills  capped  by  the 
great  oolite  ;  but  occasionally,  as  in  Rutlandshire,  Northamptos* 
shire,  and  Oxfordshire,  constitutes  the  entire  ma2>s  of  consider* 
able  hilly  tracts,  and  very  generally  caps  the  outlying  hilh  ad« 
vanced  on  the  north  and  west  of  the  great  oolitic  range.  These 
hiljs  have  already  been  noticed  in  tracing  the  range  and  exteit 
of  these  strata. 

If  we  are  correct  in  referring  the  sandy  district  of  theeasten 
moorlands  in  Yorkshire  to  this  series,  we  shall  there  find  the 
most  considerable  hrights  constituted  by  it.  The  most  lofty  ff 
these,  Roseburry  Topping,  is  stated  in  the  Trigonometrical  s•^ 
vey  to  rise  1022  feet  above  the  level  of  the  sea.  To  collect  the 
facts  belonging  to  this  head  together  we  will  here  repeat,  oi 
the  same  authority,  that  Arbury  hill,  Northamptonshire  attiitf 
804  feet ;  Epwell  hill,  Oxfordshire,  836  feet ;  and  Dundry 
hill,  Somersetshire,  700  feet  above  the  same  level. 

(/)  Thickness.  The  thickness  of  these  beds  near  Bathhtf 
been  already  given  in  the  section,  page  202,  which,  with  thoM 
forming  its  continuation  page  235,  will  be  found  to  anionnt 
together  to  460  feet ;  but,  in  the  midland  counties,  the  thick* 
ness  of  the  sands  connected  with  the  inferior  oolite  must  bf 
much  more  considerable :  if  we  were  to  take  400  feet  for  the 
average,  it  would  probably  be  far  from  excessive. 

ig)    Inclindiion  (xnd  flUUitbances  of  the  strata.    These  stnu 
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jue  ja  their  genend  position  strictly  conformable  to  tU  the  other 
Mcondarj  formations  which  we  hate  as  yet  described^  dipping 
beneath  them  towards  the  south-east  under  an  almost  inappre- 
riabie  angle. 

I  Some  instances  of  those  dislocations  accompanied  by  sabsi- 
llinices,  which  are  usually  termed  faults,  may  be  observed  in 
diese  strata,  especially  in  that  portion  of  them  which  overlies 
|be  south  Gloucester  and  Somerset  coal-field ;  where,  although 
ike  greater  part  of  the  faults  affecting  the  coal-field  appear  to 
Ihave  been  produced  by  convulsions  which  have  acted  upon  it 
before  the  deposition  of  these  strata,  and  therefore  do  not  de- 
pnge  the  latter,  yet  in  some  cases  the  contrary  takes  place. 
Jim  instance  of  this  may  be  seen  on  the  edge'  of  Clandown  hill, 
Sonersetshire,  where  it  hangs  over  the  village  of  Paulton; 
Ikeve  a  fault  traversing  the  subjacent  colliery  also  throws  down 
0ie  Inferior  oolite  20  fathoms  to  the  north,  bringing  it  to  the 
level  of  the  lias;  the  hill  on  the  north-west  of  Bitton  (half 
pMj  between  Bath  and  Bristol  on  the  north  bank  of  the  river 
Jkvon)  exhibits  a  similar  case ;  the  southern  point  of  that  hill 
being  formed  of  the  inferior  oolite  sands,  made  to  abut  abruptly 

r'ost  the  lias  and  subjacent  new  red  sandstone  of  which  all 
northern  part  of  the  hill  consists. 
,  Instances  of  derangement  on  the  slopes  of  the  hills  occupied 
hy  these  strata,  from  masses  which  have  been  undermined  either 
Ht  the  period  when  the  Tallies  were  originally  excavated,  or  by 
ikfi  snbsequent  agency  of  the  springs  percolating  through  them, 
ftCm  and  have  been  precipitated  over  the  escarpments,  such  as 
have  been  already  mentioned  when  treating  of  the  great  oolite, 
pn  much  more  common  than  the  true  cases  of  faults^  we  sub- 
jein  the  particulars  of  several  observed  by  Mr.  Townsend  in 
the  neighbourhood  of  Bath ;  the  two  first  cases  indeed  rather 
pelale  to  the  great  oolite  than  to  these  beds,  but  we  have  been 
ladnced  to  keep  the  whole  together  from  the  convenience  of 
^Ktenting  a  more  connected  view  of  the  pbmnomena  of  this 
■atare  which  the  geological  traveller  may  have  an  opportunity 
ef  examining  in  that  district. 

On  the  northern  extremity  of  Lansdown,  near  the  monument, 
we  meet  with,  not  the  mouldering  of  a  scarp,  but  its  dislocation  ; 
Isf  here  the  crop  of  the  great  oolite  has  fallen  down  on  the 
jback  of  the  bastard  free-stone ;  and  the  intermediate  bed  of 
iday,  with  its  fullers'  earth,  is  wanting.     At  this  very  time, 

Sfcrch  1803,)  Mr.  Bush  is  removing  the  rubbish,  and  has 
bare  some  of  the  best  beds  of  the  oolite,  which,  instead  of 
dpping  gently  to  the  south-east,  here  fall  to  the  north  in  a 
ngiilar  succession  of  fragments,  between  which  are  considerable 
duifinifl.    The  bastard  free-stone,  on  which  these  frai^me^ts 

2k 


ml,  to  tMble,  iMUning  on  ill  bed  «f  Maid,  «  UMtdoctttiti 
bio0  nari  and  lyat,  wkick  heve  dip  nofth,  towardi  tbe  8em» 

(T.  IW.) 

Now  the  flame  kind  of  dislocatkm  already  noticed  in  te 
crop  of  the  greal;  oolite,  near  tlie  monmnent  on  Lanadowi,  Mf 
be  olwenred  in  the  inferior  termination  of  the  sanie  nA 
Mvrhiily  aooth  of  Winsl^,  opposite  to  the  conlox  ef  tt 
Frome  and  Avon  riverk    For  the  rock,  .which  here  fenn  tf 
elevated  cliff  of  about  one  hundred  and  forty  feet,  being  mk 
mpported  by  its  subjacent  clay,  has  slipped  iMck  and  labiHsi 
on  the  bastaid  free-stone,  leaving  very  cxtendve  chasan,  i 
of  wMchare  ompty^  bnt  others  have  been  occupied  by  fis^iaj 
of  the  rock.    Some  of  the  fragments,  precipitated  to  a  cs» 
sideiable  distance  from  the  cliff,  and  ahnoit  buried  Hi  Its  nte^ 
measure  more  than  forty  feet  by  twenty.    One  of  these,  wM 
dips  at -40*  south  towsdtU  the  river,  cotftidns  more  tlrtn  lii 
thousand  cubic  feet  of  free-stone.    (T.  105.>  ^ 

fil  this  spot,  the  vast  fragments  I  have  mentioned  psM' 
towards  the  vale  beneath,  as  if  they  were  precipitated  fist' 
the  diff.  Bnt  near  the  Dundas  aqueducts,  and  at  Dmikflrts4 
I  have  observed  a  more  remarkable  phssnomenoii ;  for  fheai 
the  inferior  termination  of  the  bastard  free*stone  lias  subside^ 
fractures  have  ensued,  wide  chasms  appear,  and  nomenMi 
faults  have  been  created  :  but  these  enormous  fragments  of  thk 
stratum  have  not  been  precipitated,  uor  do  they  point  towarii 
the  vale  beneath,  but  seem  to  be  sliding  back,  and  dip  ioto  tli 
hill  from  which  they  proceed,  and  in  which  the  whole  rod 
appears.     (T.  195.) 

In  such  a  position,  the  inferior  surface  of  the  lowest  brff 
which  should  repose  on  sand  and  be  concealed,  is  brought (• 
light,  and  may  be  distinguished  by  its  peculiar  fossils.  (T.  lOfr) 

So  likewise  to  the  east  of  Bath,  as  we  ascend  the  hill  towaidi 
Hampton  Down,  we  pass  over  several  visible  subsidences  of  tk 
bastard  free-stone,  and  proceeding  in  the  same  direction,  whes 
we  have  passed  the  snbsummit  of  the  hill,  and  descend  towtrfi 
the  canal  by  the  rail-road,  where  the  cliff  appears,  we  coast 
fife  depressions  of  this  rock,  with  its  sand  bed,  and  at  a  lo#er 
level  we  find  the  blue  marl,  on  which  the  river  glides,  and  is 
the  marl  we  find  its  peculiar  rock.  This  subsidence  of  Ihi 
bastard  free-stone  continues  all  the  way  to  the  Dundas  aquedact^ 
and  in  it  the  canal  is  formed.     (T.  196.) 

South  of  this  line,  in  the  road  from  Widcombe  to  Claveitsa^ 
we  observe  this  rock  has  fallen  down  to  a  considerable  depth) 
leafing  chasms  now  occupied  by  clay  and  gravel.  Here  abl 
we  find  ponderous  masses,  which  dip  into  the  hill.     (T.  196.) 

Near  Bath,  our  most  remarkaUe  dislocatioii  ef  the  •bailar' 
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ine  is  on  Moant  Sion,  where  the  summit  of  the  rock  is 
From  this  elevated  region,  looluDg  down  upon  all  the 
r  which  Bath  is  immediately  surroonded,  we  command, 
Ustant  offscape,  a  view  of  Mendip.  On  t|)is  delightful 
^r.  Parry  has  made  extensive  excavations,  for  the  fonn- 
of  his  magnificent  structure,  and  exposed  numerous 
ed  fragments  of  the  rock.  At  a  lower  level  in  the 
way  by  which  carriages  will  ascend  to  this  high  hill,  he 
ik  (A.  D.  1811)  pits  to  a  considerable  depth.  These 
enormous  blocks  heaped  up  confusedly,  some  much 
1  to  the  horizon,  others  nearly  vertical,  and  falling 
ig  into  the  vale,  through  which  the  river  flows.  (T.  107) 
ath  this  chaos  we  have  the  blue  marl  bed,  which  may 
ed  on  the  same  high  level,  by  Park«street  to  Camden 
md  from  thence  to  Bath  Easton.  (T.  197.) 
he  south  of  Bath,  under  Beechen  Cliff,  the  same  marl 
,  with  its  rock  and  springs:  but  in  the  intermediate 
between  Mount  Beacon  and  this  cKff,  the  bastard  free- 
with  its  marl  bed,  has  sunk  down  to  such  a  depth,  that 
ner  is  quarried  near  Widcombe  Crescent,  in  the  road  to 
on,  and  the  latter  is  to  be  seen  fifteen  feet  under  sand, 
veil  of  Caroline  Buildings,  that  is  nearly  on  a  level  with 
er.  By  Hetlin  Court,  when  the  hot  springs  had  failed 
Hy  the  usual  quantity  of  water  in  a  given  time,  the 
ilion  employed  Mr.  William  Smith  to  remedy  the  evil. 
1  open  the  ground,  detected  the  cause  of  failure,  and 
i  the  springs.  At  that  time  I  took  notice  of  his  opera- 
ind  at  a  great  depth  saw  the  springs  through  the  blue 
(T.  197.) 

jquent  to  this  operation,  Mr.  Palmer,  then  Mayor,  sunk 
.and  of  the  King^s  bath,  as  deep  as  he  could  venture  to 
I,  without  endangering  the  pnmp*room,  yet  he  did  not 
It  the  blue  marl.  From  the  bottom  of  his  sinking  he 
i  a  quantity  of  sand.  This  was  alluvial,  not  calcareous, 
ceous,  and  in  this  sand  I  ascertained  the  green  quftrtz, 
on,  such  as  we  find  beneath  our  chalk,  in  Wiltshire, 
m  thence  it  came.     (T.  197.) 

nsive  portions  of  the  bastard  free«stone  bed,  disrupted 
len  down  below  their  native  level,  may  be  observed  in 
's  Lane,  going  up  to  Lansdown.  But  should  any  young 
St,  occasionally  residing,  or  a  transient  visitor  in  Bath, 
>  see  some  dislocation  of  this  rock,  without  extending 
Ik  to  Collier's  Lane,  or  climbing  the  steep  ascent  to 
ion  and  Hampton,  he  may  easily  gratify  hb  cariotity 
king  on  the  canal  bank  to  the  bouidary  of  Bathwick, 
en  crossing  the  Folly  bridge  to  examiiie  at  bin  Uvms^ 

2k2 


390  BaokIL   Chap.Itt.    OoSiktviet. 

the  five  SQCcesiife  depressionB  of  the  rock,  wliidi  fom  li 
nuiy  steep  ridges.  At  the  foot  of  eich,  thus  pltced  on  M 
ferent  levels,  the  marl  springs  issae,  always  following  te 
dislocations  of  the  rock.    (T.  198.) 

The  sanle  appearances  have  been  noticed  In  nnmerons  plioO) 
but  are  no  where  so  distinctly  seen  as  in  the  immediate  vichntf 
of  Bath*  Indeed  no  country  can  exhibit  more  intereitiig 
scenes  for  the  geologist,  or  more  nnmerons  examples  of  d*«« 
location,  than  this ;  for  here,  not  merely  the  bastard  free-stoiK) 
but  all  the  strata,  dismpted  to  a  great  extent,  have  fallen  don 
towards  the  subjacent  vallies,  and  after  reiterated  frartip«i| 
forming  steps,  have  sent  down  enormous  blocks,  which  vn 
either  piled  up  hi  heaps,  or  scattered  on  the  declivities.  Tbeie 
pbcenoroena  are  striking ;  but  near  Bath  we  have  others  tb*!  ^ 
dantly  more  so.  To  the  south  of  Prior  Park,  on  the  sontlMii, 
hanging  of  Coombe  Down,  where  we  look  down  on  the  vide 
expanse  in  which  a  little  streamlet  iows,  we  find  the  boftoa 
bed  of  the  great  free-stone  rock,  and,  to  the  east  of  this  ft 
tiave,  nearly  on  the  same  horieontal  level^  the  superior  beds  if 
the  same  rock.     (T.  198.) 

(h)  Agricultural  character.  The  diflFereiit  beds  of  tfcs 
series  are  of  necessity  very  variable  in  this  respect :  the  fallen* 
earth,  says  Mr.  Smith,  presents  a  clayey  soil  distinguishable br 
less  cultivation  than  upon  the  dryer  soils  of  the  oolitic  rodo 
above  and  below  it,  which  are  more  genial  to  the  growth  ^ 
com.  Wood  and  timber  trees  are  also  common  to  it  on  tie 
slopes  of  the  hills,  of  which  it  so  often  forms  a  part. 

The  more  calcareous  beds  of  the  inferior  oolite  agree  witk 
the  other  stonebrash  soils  in  agricultural  character. 

The  sands  below  the  inferior  oolite  afford  in  those  distncti 
where  they  are  most  extensively  exhibited,  tiz.  in  the  inidltDd|^ 
counties,  a  soil  the  fertility  of  which  is  spoken  of  in  very  high 
terms  by  agricultural  writers.  "  This  red  district,"  sifs  tte 
author  of  the  report  on  Oxfordshire,  ^'  may  be  considered  u 
the  glory  of  the  county.  It  is  deep,  sound,  friable  yet  capaU^ 
of  tenacity,  and  adapted  to  every  plant  that  can  be  trusted  t0 
it  by  the  industry  of  the  cultivator." 

(i)  Phofnomena  of  springs^  Sfc,  The  upper  member  of 
this  series  (the  fullers'  earth  clay)  throws  out  copiously  ^ 
waters  which  have  percolated  through  the  great  oolite :  tlMS 
of  the  inferior  oolite  and  sands  are  thrown  out  by  the  subjtcfft 
marles ;  so  that  this  series  exhibits  two  lines  of  springs,  ^ 
near  its  superior,  and  one  near  its  inferior  extremity.  At  Chid* 
liiigton  and  Deddington  in  Oxfordshire,  and  at  Astcot,  North- 
amptonshire, are  mineral  waters  said  to  contain  iron,  sslphV) 
and  sea  salt  \  and  at  CWtlow^OiifoTdshire,  one  containing  sodii 
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^ite,  and  lime :  these  are  probably  situated  in  the  lower 
rlj  beds,  is  not  the  Scarborough  water,  which  contains 
bonate  of  lime,  sulphur,  sea  salt,  and  iron,  situated  in  the 
>er  part  of  this  series  ? 


Section  VH. 
LIAS.* 

a)  Chemical  and  external  characters.  This  formation  con* 
I  of  thick  argillaceous  deposits,  constituting  the  base  on 
ch  the  whole  oolitic  series  reposes.  The  upper  portion  of 
se  deposits,  iDcluding  about  two-thirds  of  their  total 
th,  consists  of  beds  of  a  deep  blue  marie  containing  only  a 
irregular  and  rubbly  limestone  beds.  In  the  lower  portion, 
limestone  beds  increase  in  frequency,  and  assume  the 
uliar  aspect  which  characterises  the  lias,  presenting  a  series 
bin  stony  beds  separated  by  narrow  argillaceous  partings ; 
hat  quarrit^s  of  this  rock  at  a  distance  assume  a  striped  and 
>and-like  appearance  ;  in. the  lower  beds  of  this  limestone, 
argillaceous  partings  often  become  very  slight  and  almost 
ippear,  as  may  be  seen  in  the  lias  tract  of  South  Wales : 
Is  of  blue  marie  with  irregular  calcareous  masses,  gene- 
ly  separate  these  strata  from  the  red  marie  belonging  to 
subjacent  new  red  sandstone  formation.f     The  limestone 

*  Chiefly  by  the  Rev.  W.  D.  Conybearew 

The  subjoined  sections  will  serve  to  convey  an  accurate  idea  of  the 
ill  of  this  formation  as  it  exists  in  the  neighbourhood  of  Bath ;  and 
rd  a  good  type  of  its  general  arran^^ement,  excepting  that  in  the  mid- 
I  and  north-eastern  counties  the  thickness  of  these  deposits  most  be  at 
t  double  that  here  presented;  and  some  of  the  stony  beds,  alternating 
be  inarles  which  constitute  the  upper  portion,  assume  occasionally  a 
e  decided  character  and  importance.  These  local  details  will  find  their 

place  in  pursuing  the  range  and  extent  of  this  formation, 
hese  sections  are  subdivided,  as  in  the  text,  into  the  t^/^r  marUt,  the 
y  «r  true  lioj  beds,  and  the  Lotver  martei  separating  the  lias  from  the 

red  sandstone  formation. 

he  first  section  is  from  a  fruitless  trial  for  coal  (abandoned  in  18 IS)  in 
IKirish  of  Bath  Easton ;  it  begins  in  the  very  top  of  this  formation,  and 
nds  through  its  lowest  beds.  The  second  also  exhibits  the  whole  for- 
ion,  and  is  intere»ting  as  forming  the  upper  part  of  the  section  afforded 
le  Paulton  collieries,  which  include  a  greater  j^logical  depth  (i.  e.  pass 
mgh  a  greater  number  of  different  formations)  than  has  probably 
1  ever  actually  verified  in  any  other  single  p«>int.  The  lower  for- 
tons,  ascertained  in  this  tection,  will  be  given  hereafter;  the  third 
ion  is  given  as  exbibhing  in  greater  detail  the  lowest  members  of  the 
near  their  junction  with  the  rra  marie. 
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k«4))  toward!  their   centre,  wliere  moK  free  from  exim 


Trlloir  clajr    

8    — 

Bluenuirli 

16     _ 

Blue  cock 

i 

1 

Bli»o»rle 

**      - 

1 

Marie 

Marie  and  .lone  .... 

....I."!.'.*!!  )i    6 

Marli 

Stone 

a     G 

.Hard  marie 

P\ 

.UU?t.li»rock".'.!.' 

3     — 

10     — 

II 

Stone 

Cla» 

—       6 

—       9 

Black  marie 

Oghibiuemirle... 
Red  grouod  of  the  ne 

10     — 

2     — 

w  red  Muiditone  format 

Upper 

laMr.Sii 


Simoa  Hill,  un  llie  Lrow  of  tiie  down  t 


iiof  Paultou.Suownct^ 


,3  C<irey  and  blue  liai  roc 
~  J  jSuo  lied  or  corogrit.d 
SJ  1  [luce  thin  bedt  iliEl 
^      LWhiwIiM  


Sect.  VII.    LiMSi  Mt 

,  conUin  more  tban  90  per  cent,  of  carbonitte  of  lime ;'!' 
duum  has  nerer  been  distinctly  analysed,  hnt  appears 
st  of  alumine  and  iron,  and  in  some  varieties  traces  of 
f e  been  found :  towards  the  edges  of  the  beds,  how- 
here  they  come  in  contact  with  the  alternating  strata  of 
;e  proportion  of  alumine  is,  as  might  be  expected,  more 
rable.  This  limestone  is  particularly  characterised  by 
earthy  aspect,  and  large  conchoidal  fracture ;  in  colour 
i  in  different  beds  from  light  slate  blue,  or  smoke  grey,* 
e  :  the  former  varieties  usually  constituting  the  upper ; 
or,  the  lower  portions  of  the  formation.  The  blue  lias, 
on  tains  much  iron,  affords  a  strong  lime,  distinguished 
iroperty  of  setting  under  water;  the  white  lias  takes  a 
ilish,  and  may  readily  be  employed  for  the  purposes 
^graphy.     It  must  however  be  distinguished  from  the 

TBIue  marie 6    — 

\^  i\  Clay  stone  forming  concnetional 

^"uJ      and  nibbly  masses 8    — 

^  I  1  Black  marie   (excellent  for  ma- 

i,     nure) 6    — 

Red  ground  of  the  new  red  sandstone  formation. 
*st  of  this  section  will  be  given  under  the  new  red  sandstone  and* 
itures. 

Section  3. 
•ury  cliff  on  the  west  bank  of  the  Severn,  Gloucestershire,  illa?- 
ke  lower  beds  of  the  lias  formation. 

feet.  in. 

Whitelias 10    — 

Blue  shale  patting  into  marlestone    10    — 
Black  shnle  with  iron-shot  -fissures    12    — 
Green  siliceous  grit,  highly  mica- 
ceous, and  containing  abundant 
bones,  well  known  here  and  at 
Aust  by  the  name  of  the  bone 

bed 1     — 

Blackshale 2    — 

Green  grit —      6 

Blackshale 2    — 

Greenish  marlettone  decomposing 

into  balls 18      —  ^ 

Red  marie  of  the  new  red  sandstone  formation. 

!  late  Mr.  Smeaton  took  the  several  undermentioned  varieties  oE 
lestone,  and  having  dissolved  40  grains  of  each  in  aquafortis  oh- 
residuum  from  each,  which  he  weighed  after  drying  them  iu  the 
r.  Notes.) 

From  the  yellow  lias  of  Axminster.  •  • ,  54  grains 

Ditto  with  shining  spangles « ••  •  6} 

Yellow  such-stone  of  Gustoobiiry . .  • .  S 

Blue  lias  of  Watchet H       ^ 

AbehhaW 4| 


Bath 
Axminster 
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i^one  genera]  1 J  so  applied  on  the  contioenty  which  is  brovKbt 
from  the  quarries  of  Soienhofeo,  and  is  of  much  more  recent 

ii>rmation. 

The  slate -clay  with  which  the  lias  alternates,  is  grrj, 
iNTOwn^  or  black,  is  frequently  bituminous,  and  readily  diildei 
into  laminae  as  thin  as  common  pasteboard. 

To  the  above  general  description  of  this  formation  we  have 
added  in  the  note  below  some  further  particulars  extracted 
from  memoranda  kindly  lent  to  the  Editor  by  Mr.  Greenoagh;^ 

•  Symnymei.  (Rud^*s  Glocestershire),  Alum  ihale.  Doggers,  Scar  of 
Whkby.  The  etymology  of  this  word  it  unknown  to  me  i  it  may  pcrfatpi 
be  connected  witn  the  acknowledged  excellence  of  some  of  the  beids  of  tbii 
series  as  a  cement.    The  Liais  of  the  French  is  a  very  different  substance. 

Some  of  the  beds  of  the  lias  are  used  as  building  stones,  others  as  slabf, 
hearth-stones,  grave-stones,  &c. 

At  Kenton  Mandeville  the  common  slabs  vary  from  10  to  30  feet  ia 
length,  and  from  12  to  15  in  width :  but  one  has  been  raised  containing  M)0 
superficial  feet. 

Slabs  of  the  Cotham  stone  are  sometimes  S^  feet  long,  and  seven  or 
eight  inches  thick. 

The  marle-stonc  is  used  for  walls,  slabs,  and  flooring;  that  of  Binton  and 
Grafton  in  Warwickshire,  which  is  waved  like  the  Cottam,  is  used  as  a 
marble  for  chimney-pieces,  also  for  paving,  for  stone  seats,  &c.  At  Pack> 
eridge  hill,  south-east  of  Taunton  in  Somersetshire,  it  is  burnt  for  mazittre. 
At  Win^foot,  Red  hill,  and  Bidford,  about  four  miles  from  Stratford  upon 
Avon,  the  lias  assumes  the  character  of  a  marble. 

The  lias  is  never  variegated  in  colour  like  common  marble,  nor  brec* 
ciated,  nor  does  it  admit  of  brilliancy  or  depth  of  tint,  but  it  occasionally 
exhibits,  especially  in  specimens  cut  and  polished  longitudinally,  dendriti- 
cal  appearances  (Cottam  stone  or  marble),  which  may  be  supposed  to  be 
the  consequence  of  the  enlargement  of  the  concretions  in  which  this  stone 
is  found,  smce  it  occurs  in  detached  masses  beneath  the  surface:  the  upp«r 
burface  uf  the  stone  presents  branches  and  prominences  which  sometimes 
represent  the  interlacings  of  ivy.  They  are  commonly  used  in  the  rougii 
6Ute  for  the  rustic  work  of  gateways. 

The  irregular  bed^  consist  of  fibrous  limestone  and  cement  stones  (septaria) 
so  called  because  used  in  making  Parker's  cement.  Where  the  fibres  are 
not  parallel  to  each  other,  they  often  form  that  irregular  substance  so 
common  in  the  Coal-measures,  to  which  an  organic  structure  has  often 
erroneously  been  attributed,  and  termed  the  cone-in-cone  coral.  The 
cement-stones  are  of  different  sizes;  they  are  generally  solid,  and  seen 
sometimes  to  have  had  a  cornu  ammonis  or  other  shell,  or  wood,  as 
a  nucleus  to  form  upon.  Some  of  them  have  septa,  which  are  occupied  by 
calcareous  spar  or  bitumen ;  the  quantity  of  iron  they  contain  is  variable; 
some  are  coated  with  pyrites,  or  have  lumps  of  it  adhering  to  them;  at 
Watchet,  sulphate  of  strontian  finely  crystallized  occurs  in  these  con- 
cretions. When  large  and  fiat,  these  cement-stones  are  termed  girdles. 
Along  the  Whitby  coast,  the*e  girdles  have  given  a  partial  protection  to 
the  shale,  and  thus  occasioned  a  number  of  insulated  and  grotesque  masses: 
they  often  turn  red  on  exposure  to  air. 

Some  of  the  beds  in  the  lias  form  a  rich  argillaceous  iron-stone. 
Near  Axminster  in  Dorsetshire,  the  lias  clay  is  so  bituminous  in  sptne 
place.,  that  it  ha^  been  sunk  through  in  search  of  coal. 


Sect.  Vn.    Um.  SOS 

fti  in  m  sabseqiitiit  part  of  this  section  (under  the  hetd  tange 
fed  extent)  some  additional  details  concerning  the  characters 
■nmed  bj  it  in  its  course  through  Yorkshire,  will  be  found 
ntbe  notes. 

■-  (d)  Mineral  canients.  The  lias  is  nearly  destitute  of  me* 
bilic  or  earthy  minerals.  It  does  not  appear  commonly  to 
Intain  any  metallic  substance  except  iron ;  which,  though  it 
kan  in  layers  under  the  form  of  clay-iron -stone,  or  dissemi- 
■ted  throogb  the  mass  in  the  form  of  pyrites,  never  constitutes 
a  ■uneral  vein.  It  is  said,  but  I  know  not  with  what  truth, 
Ait  anall  pieces  of  galena  have  been  found  in  the  quarries 
htar  fiath,  and  galena  and  blende  are  said  to  occur  also  near 
Bflitby.  Sulphide  of  barytes  has  been  found  in  small  quantity 
ly  Mr*  Gilding,  jun.  in  the  canal  near  Gloucester,  and  I  have 
^  Specimen  of  it  in  wood  from  Lyme  in  Dorsetshire.     Sulphate 

Estrontian  is  also  said  to  be  found  at  Watchet.  Though  chert 
abundant  in  the  limestone  above  and  below  it,  siliceous  mat- 
lar  is  so  rare  in  this  formation,  that  I  never  met  with  it  except 
at  Aberthaw  and  Dunraven  in  South  Wales,  where  its  fossil, 
tfte  gryphus,  is  coated  with  chalcedony ;  but  chert  occurs  in 
kke  lias  of  Watchet,  and  the  lias  contains  veins  of  chert  also 
^iar  Cowbridge  in  South  Wales.     (6.  Notes.) 

The  ircm  pyrites,  which  is  very  abundant,  by  its  decom- 
position and  action  on  the  argillaceous  strata,  produces  an  efflo- 
VesccBce  of  the  aluminous  sulphate  so  extensively  worked  at 
^iiitbj:  to  the  same  cause  must  be  ascribed  the  spontaneous 
inianmafion  often  observed  in  the  cliffs  near  Charmouth, 
Xlbnetshire.     (SeeMaton's  West.  Counties,  p.  76.  v.  1.) 

(0  Organic  remains.  The  organic  remains  contained  in 
4he  Uai  are  peculiarly  interesting,  as  affording  a  greater  number 
^animals  of  an  higher  order  (that  is  to  say  of  the  vertebral 
<1ub)  than  are  exhibited  in  the  list  of  any  other  formation, 
if  we  except  the  Stonesfield  beds  of  calcareous-slate  in  the 
great  oolitic  series  before  described. 

In  this  class  we  have  first  to  notice  the  remains  of  two  very 
'leniarkable  extinct  genera  of  oviparous  quadrupeds,  evidently 
belonging  to  the  same  class  with  the  great  natural  order Locerto, 
lat  yet  differing  very  essentially  in  structure  from  all  the 
genera  at  present  known  to  exist,  and  in  such  particulars  as 
evidently  roust  have  fitted  them  to  live  entirely  in  the  sea. 
They  appear  therefore  to  bold  the  same  place  with  regard  to 

At  Thickerhy  seven  milei  east  of  Oainiborough,  Mr.  Hornby  of  tht 
^*ttsr  place,  tank  for  coal  in  a  black  hard  slaty  or  shaly  substance. 

la  the  hardship  of  Thnissingtoo  in  Leicestershire,  seven  miles  west  of 
1^11,  coal  has  been  tried  for  at  a  place  dOled  Coal-pit  Lees,  and  ^^400 
^ipendcd,  but  in  vain. 
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receht  lacerte,  ttuit  the  cetacea 'do  to  othei^^ikiainfhtlfB,  mi 
will  form  a  division  of  the  order  lacerta  to  which  the  mum 
EnaMo'Sauri  (marine  lacertse)  may  be  contenientlj  appAtpd/ 
The  investigation  of  their  comparative  anatomj,  or  nitM 
otteologj,  b  highly  important,  as  laying  open  various  new  nd 
interesting  links  in  the  chain  of  animated  natnre. 

Two  genera  have  been  ascertained. 

1.  Idklhyoiuurus,'^  Animal  with  an  head  resemblmg  fkt 
iacerta  tribe,  bat  extended  anteriorly  into  a  long  pmsiiA' 
muzzle,  armed  with  numerous  conical  teeth.  Vertebiv  le* 
sembling  those  of  fish  in  being  double  concave  (thai  is  dceplf ' 
cupped  at  each  end)  and  as  thin  as  those  of  the  shark,  in  oriir 
to  facilitate  progression  by  a  vibratory  moticm  ef  the  tsS^ 
From  these  double  analogies,,  the  name  (the  fish-like-lacsiti) 
is  derived.  The  extremities  terminate  in  four  paddlM  9d 
generitj  composed  of  a  series  of  flat  polygonal  bones  gicadf 
exceeding  in  number  not  only  the  phalanges  of  quadraped% 
but  also  the  phalangic  cartilages  of  the  fins  of  fish.  There  irr 
two  or  three  species  chiefly  distinguished  by  the  form  of  the 
teeth. 

S.  Plesiosaurus.  The  head  of  this  animal  b  not  yet  peN 
fectly  ascertained  :  the  vertebrae  and  extremities  hold  an  iDter-> 
mediate  place  between  the  former  genus  and  the  recent  lacertv, 
and  supply  beautiful  links  in  the  series  of  organic  structure. 

*  Although  the  Ichthvosauras  occurs,  as  will  have  been  seen  from  pn- 
cedin£  lists,  in  many  beds  of  the  oolitic  series,  we  have  reserved  its 
description  for  this  place,  because  the  most  numerous  and  perfect  speci- 
mens have  been  foiidd  in  this  formation. 

The  remains  of  the  Icbthyosaurtfs  have  been  figured  in  the  several  platcf 
published  in  the  Philosophical  Transactions,  from  1814  to  18t0  indasirr. 
with  descrrptioas  by  Sir  Everard  Home  (who  proposes  the  name  oi 
Proteosaurus  from  supposed  analogies  to  the  Proteus ;  but  this  has  uoC 
been  generally  received).  A  mOre  detailed  account  of  I  he  osteolo^'  of 
this  genus,  and  the  only  published  description  of  the  Pleiiosaonis,-  will  be 
found  in  the  fifth  volume  of  the  Geological  Transactioas. 

The  Crocodile  is  said  to  have  been  discovered  in  lias,  but  th£  fact  remiiA* 
doubtful.    The  skeleton  described  by  Dr.  Stukely  in  the  Philosophical 
Transactions,  and  supposed  from  the  imperfect  representation  there  givfli 
to  have  been  a  Crocodile  by  Cuvier,  really  belongs  to  the  Plesiosauras. 
The  specimen  from  Whitby,  figured  also  in  the  Philosophical  Transaction, 
may  possibly  be  a  Crocoaile,  but  is  too  incorrectly  drawn  to  afford  any 
certainty.     The  Ichthyosaurus  undoubtedly  occurs  at  Whitby,  and  is  <l^' 
scribed  and  represented  (but  very  imperfectly)  in  the  third  volume  of  the 
"Wemerian  Transactions.    No  true  Crocodile  bones  have  yet  been  <&• 
covered  in  the  lias  of  the  south-western  counties,  which  constitute,  b(>v- 
ever  the  most  thoroughly  examined  district  occupied  by  this  fomatioo; 
biill  as  true  species  of  the  Crocodile  certainly  occur  in  other  beds  associstetf 
with  the  oolitic  series,  there  is  no  improbability  in  their  occorriqf  ^ 


fcct  .yn ,  Lias.  ijHir 

and  palates  of. the  Turtle  hvve  been  found  In  tliis 

Q. 

•f  several  species  occur  also  in  its  strata.  Barrow  on 
.ieicestershine^  and  Lyme  in  Dorsetshire,  have  afforded 
e  specimens. 

;s  of  two  or  three  different  varieties  may  be  referred 
:holis'  History  of  Leicestershire,  vol.  3.  part.  1.  plates 
where  they  are  conjectored  to  belong  to  a  species 
Spams  or  Chaetoden ;  they  are,  however,  in  all  pro* 
iui  generisj  and  unknown  in  a  recent  state.  The  lias 
ilso  figured  in  Town#end,  plate  30. 
adins  of  a  species  of  BaUsta  (erroneously  figured  by 
d  as  the  jaw  of  some  animal,  character  of  Moses,  plafo 
r  common  occurrence. 

eech-like  palatal  tritores  of. some  species  of  fish^are 
\y  found,  and  teeth  resembling  in  form  and  amuoigev 
»$e  of  the  shark  more  rarely  so^    *(See  Townsend,  pU 

rder  Crustacea  affords  one  or  two.  species  of  Cancri, 
ly  Crabs,  also  a  species  of  Monoculus  or  Limolus  of 

'• 

I  head  of  the  MoUuBca  we  may  perhaps  (although  very 

ly)  enumerate  the  remains  of  the  Sepia  as  pccuning  in 

since  the  collection  of  Mr.  Mllleri^- Bristol  contains 
en  resembling  the  beak  of  thjs  animal, 
allowing  list  contains  the  principal  Testaceous  Molluscas 

the  lias  beds,  with  references  as  usual  tQ  the  figures 
o.werby's  Conchology. 

BERED  \jliVi kLyJSS, 

Jmmomtei  ellipticus.     T.  03^  fig-  4. 

A»  armatus.     T.  1)6. 

J,  planicosta. .  T.  73. 
*A.  Stellaris.     T.  93. 
#^.  Walcotii.     r.  105. 
*^.  Brookii.     T.  190. 
*A.  Bucklandi.     T.  130. 
*J.  Conybeari.     T.  131. 

J.  finbriatus.     T.  164. 

v^.  Greenoughi.     7.  J 33. 

1^.  Heoleyi.     2\  172. 

e  arc  some  beds  near  the  bottom. of  the  fiat  series  particularly 
tied  by  the  number  of  Tcrtebral  rexnaioi;  these  are  distinctly  seen 
Fs  of  Westbury  and  Aust  on  t^e  banks  of  the  Severn  in  Gloocet- 
md  are  well  known  to  the  collectors  of  that  neighbourhood  under 
qI  the  Bone  be^Mf  See  the  section  in  the  beginning  of  this  article. 
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A.  Loicorobi.     T.  183. 

A.  obtufius.     T.  167. 

A.  annnlalus.     T.  333. 

A.  Heterophyllus.     T.  306. 

A.  Bircliii.     T.  267. 

A.  Bechei.     7*.  280. 

.^.  giganteus.     T.  139. 

^.  ai^ulatuB.     T.  107.  fig.  1. 

A.  communis.     T.  107,  fig.  3.  3. 

The  Ammonite*  having  the  siphuncle  in  an  elevateit  ^M 

hetneen  two  furrows  are  characUristic  of  this  forraatiou;  t" 

specie)  thus  distingnished  form  a  well  marked  natural  dinun 

of  this  order;  the;  art;  marked  with  an  asterisk  in  tbU  lilt 

Nautilus  intermedins.      T.  135. 

A",  striatus.     r.  183. 
.   ,  JV.  truucatus.     T.  133. 

ScopAtfM  tequalis.      7".  18.  6g.  1.3.  3. 
Belemnites ;  man;  varieties  both  fusiform  and  ton- 

mon.     The  alveolus  of  a  large  varietir  is  filtii'fl 

by   Mr.  Sowerby  as  Orthocera  conlca.     '^  "' 

Gg.  1  &  3. 

UKITiLTBS  MOT  CRAMBEIltD. 

/f«£cin(i  compressa.     T.  10. 

H.  eipansa.     T.  273.  fig.  1.  3.  3. 

H.  solarioides.     T-  373.  fig.  4. 
Trochiu  imbricatus.     T.  373.  fig.  3.  4. 

T.  anglicos.     T.  243. 

T.  similis.     T.  143,  lower  figure. 

TbrnaitOa.     Fig.  18  and  1 9  of  the  shells  represtnl'^ 

in   the  introduction  to  Nicbolls'  Hbtor;  of 

I>eicester»hire. 

Melania  striaU.     T.  47. 

InnEouLAit  Univalves.    Annelida  of  Lamarck. 
Dentalium  cylindricum.     T.  79. 
PiUeUa  Isvis.     T.  139,  fig.  4. 

Bivalves. 

Morliola  Izvia.     T.  8.  le.  lo. 

M.  depressa.     T.  8.  m. 

M.  minima.     T.  310,  fig.  fi.  6.  7. 

M.  hillana.     T.  313,  fig.  2. 
f/nw  cruissima.     T.  153. 
f. . .  (a  less  oblong  and  more  clumsy  species,  figorfJ 


8oct«  VXl*     JuMt*-  tMNr 

Cflfttta  linla.    T.  197.  fig.  S. 
A$twrt€  \ 

Area       f        «         . 
CucuUmat  *°*^^  sp^cies. 

Nucula    J 

Terehratula  (nonplicated  raneties). 

T.  ornhhecephala  ?     T.  101.  fig.  4. 

7.  acuta.    T.  15.  fig.  1. 
Terebraiula  (plicated  Tariedes). 

T.  crmnena  f 
Spirifer  or  Pentamerus^  a  Tarictj  not  yet  figaied ; 

agreeing  in  general  form  with  the  fonaer,  bnt  in 

the  internal  dirisioBS  of  its  Yaitea  with  the  latter. 
Grjfphma  incanra.     T.  11^.  fig.  1. 

G.  obUquata.     T.  113.  tg.  3. 
'  Ostrea. 
Pecten. 
Piagiottoma  gigantea.     T.  77. 

P.  punctata.     T.  113,  fig.  1. 
Lima  antiqna.     71 314^  fig.  3. 
Plicatula  spinosa.     T.  M5. 
Hippopodium.    T.  350;  aod  another  smaller  species 

not  figured. 
Pema? 

5  most  characteristic  shells  of  this  formation  are  the 

onites  Bocklandi,  the  Grjph«a  Incurva,  and  the  Plagiot* 

gigantea. 

Watchet  on  the  Somersetshire  coast,  beautiful  spedment 

npressed  Ammonites  presenting  thin  coats  of  iridescent 

are  found. 

arge  proportion  of  the  Whitby  fossils  are  in  nodules  of 

ron-stone ;  in  the  cement  stone,  the  Ammonites  are  occa- 

Ij  coated  with  a  small  quantity  of  blende  and  galena. 

^otes.) 

Echinui. 

A  Tariety  of  Cidaris  papilkta,  with  long  slender 

smooth  acicular  spines. 
EncrifUes  or  Crinoidea. 

s  following  species  of  the  genus  Penidcriniie  occur  in  th# 
beds  of  the  lias  formation,  and  will  be  found  figured  in 
filler's  monograph  of  this  family. 

P.  Caput  Meduss. 
p.  Briareus. 
P.  sobaagularis. 
P.  basaltiforois* 
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P.  tuberculatus.     The  last  named  speclef  appean  (• 
chnracterise  fhc  upper  beds  of  this  foraiatim, 
and  is  that  found  so  abundantly  about  Shofk* 
borough  in  Warwickshire- 
Colt  AU- 

A  species  of  TttrbinoUa  of  Lamarck  (Madrepora  bir- 
binaia  of  foripcr  writers)  occurs  in  the  nppM 
b«ds  of  the  lins  formation,  especially  at  Ffiuj 
Comptou  tunnel  on  the  Oxford  canal. 

VrerTABt-E  hemains, 

The«e  consist  of  fossil  wood  occasionally-  stlicified,* 
and  several  Rpecies  of  ferna,  flags,  &c. 

{d)  Range  and  fitent.  This  formation  stretches  laVt 
from  (he  roasts  of  ihe  German  ocean  in  Yorkshire  to  those  4 
the  channel  in  Dorsetshire.  To  commence  with  its  notihem 
limit,  it  is  seen  lining  the  coast,  and  underlying  the  meunlaiM 
of  Ihe  eastern  moorlands  (composed  of  sand  and  sand-stnne 
strata  probably  belonfjing  to  Ihc  inferior  oolite,)  from  the  Pak 
alum  works  on  the  south  of  Whitby  nearly  to  (he  Tees  moatfa,t 

*  The  wood  (t  somedmn  charrtd ;  lomctitnei  inprcgnateil  with  qnuM| 
homarone,  igate,  or  pyritn.    (O.  Not«.) 

Mr.  Honucf  of  Scarborough  thew«l  me  ■  ■pecimen  of  j«t  from  Whkbf 
(omplelely  ailiciGed,  and  encnuled  with  agaie,  in  which  irc  briiliun  ipccb 
of  pyrilci.  Thii  beautiful  ■peeimen  wu  prnmted  to  him  b7  the  Dstliea 
of  Ijtcdi.  He  hu  olfasn  from  the  ume  ccuit  in  which  the  fouil  traadd 
Ihe  llai  ii  completely  lilicified.     (G.  Notet.} 

i  The  fDllowin;  partlculan,  coonected  with  the  phxaoinelil  ol  tki 
fonnation  in  Yorluhire,  are  here  inicrted  a>  betoDgiog  to  iu  local  ntN 
than  g;eneral  hitlory. 

Mr.  Smith  ha>  reprnenled  indeed  Ihe  alum-ihale  of  Yorluhire  ai  hdOBI 
ing  to  another  fonnaiion;  but  all  other  geologiMi  who  hive  ennbti 
Rie  diiuict,  among  whom  Mr.  Greeiiough  and  Profecsori  Bocklanl  Mt 
Srdee)ricl(  may  be  mentioned,  are  unanimaut  in  uiignhag  It  to  tba  t>M 
In  the  article  dedicated  to  Ihe  eipreu  conuderation  of  the  differeKa  f 
rpiniOD  which  have  ariiea  concerung  ibe  tdeniificatioa  of  the  itiata  in  Ai 
pari  of  the  itiand,  the  argumeoti  on  ihiiiubjecl  will  be  iUted^  bfit  ihituticl 
ts  necruarily  potlppaed  to  the  end  of  ihe  part  of  lhi>  work  now  pnblitW 
in  order  to  awail  the  mutt  of  tome  further  enquiiaet  on  the  Iub)ec^ 

Over  the  alum-ilaie  lies  a  bed  of  hard  comwct  itone,  ill  to  rwelve  he 
thiclc.  The  workmen  call  il  A^vcf,  a  Daiae  by  which  they  abo  dcvga* 
the  leptaria  or  cement-ftone,  a^  the  component  p»t»  appear  to  rtipahli 
Ach  other.  The  colour  of  the  recent  fracture  of  the  dogper  ii  bluiih  gttj 
but  on  cxpoiure  it  chan^  to  a  deep  purple  brows;  and  it  appeartte^ 
divided  iolo  nearly  cubical  maMn  by  liaoiTene  Suum  filled  witbaMi 
ferruEtnoui  earth,  containing  thin  ochreous  plalei  having  the  earth  betwee 
them.     (P.  M.  vol.  51.  p,  90.) 

The  whole  of  Ihe  upper  part  of  the  alum-<bale  rnembln  iadDraied  clay 
when  Grit  wrought ;  but  by  eipoiure  to  the  atmoapbere  it  luAn  decOB 
jiotition,  and  CTurobkt  tcVi  tb.\n  \a:^tn.    (.M.  1 .  vol.  Si.  p.  84 1 .) 
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hmtng  soQtliwanib  from  the  month  of •  fhe  Tees,  the  lias 
laget  beneath  the  west  escarpmcDt  of  the  eastern  moorlands^ 

The  colour  of  the  diale  »  s  hluish  grey.  It  varies  in  hardnest.  The 
■pper  part  of  the  hid  near  Whitby  may  be  crumbled  in  pieces  between 
the  ingtn^  but  at  a  considerable  depth  it  is  as  hard  as  roofing  slate.  (Ibid.) 
The  upper  part  feels  soft  and  unctuous  like  indurated  clav ;  the  lamellar 
Inctiire  is  smooth  and  shiningj  the  transverse  dull  and  earthy.  (P.  M.  v. 
■I'p.  907.) 

k  is  travened  by  fissures  dividing  it  into  rhombic  portions.    (Ibid.) 
_^At  the  depth  of  about  two  hundrol  and  fifty  feet  from  the  top  of  Boulby 
jfifi,  whicn  rise  four  hundred  and  fifty  feet  above  the  sea,  the  shale  loses 
ib  Boctuous  fed,  and  becomes  mixed  with  a  large  portion  of  sand,  and 

•^  in  shining  scales.  It  becomes  of  a  light  grey  colour,  and  encloses 
'  of  iron-stone ;  but  below  this  part,  the  rock  resumes  its  softness  and 
hness.    (P.M.  v.  51.  p.  207.) 

.  h  abounds  in  pyrites.    (Ibid.) 

The  upper  part  is  most  abundant  in  sulphur,  which  decreases  in  going 
^tltwn,  but  the  bituminous  substance  increases,  and  the  rock  becomes  hard 
•hI  slaty ;  so  that  a  cubic  yard  of  rock  taken  from  the  top  of  the  stratum, 
Mu  vauiable  as  five  cubic  yards  taken  at  the  depth  of  one  hundred  feet. 
Pl.J.T.S5.p.841.) 

When  a  quantity  of  the  schistus  is  laid  in  a  heap,  and  moistened  .with 
■i  water,  it  takes  fire  spontaneously,  aud  will  continue  to  burn  till  the 
whole  of  the  combustible  part  was  exnausted.  Apart  of  the  cliff  which  fell 
nme  years  ago  was  exposed  to  the  tide ;  it  took  fire  and  continued  to  burn 
br  two  or  three  years.    (Ibid.) 

^  That  part  of  the  alum-shale  of  Whitby  which  is  earthy  rather  than  slaty, 
riddt  the  greatest  quantity  of  alum.  A  layer  of  brusn-wood  is  made  in 
he  first  instance,  and  shale  is  thrown  down  upon  it,  until  a  considerable 
Roniid  is  raised.  The  bnish-wood  is  then  lighted,  and  a  slow  combustion 
siMict;  another  layer  of  brush-wood  is  then  placed  beside  the  first,  and  is 
a  like  manner  covered  by  a  mound  of  shale :  still  others  are  added,  and 
hue  mounds,  with  fires  beneath,  are  extended  on  all  sides ;  when  the  shale 
■as  effisctually  caught  fire,  it  continues  to  burn  without  any  addition  of 
■cL  It  is  afterwards  thrown  into  vats  with  water  and  boiled  twenty-four 
loan;  it  is  then  conveyed  into  other  vats  where  an  alkali  being  added, 
r  crystallises :  it  is  then  melted  again,  and  purified  by  a  second  crystalli- 
Itioii.  When  so  prepared  it  is  shipped  off  for  London  and  thence  to 
imdcn  and  Russia.    (G.  Notes.) 

The  History  of  Whitby  by  Lionel  Charlton,  in  one  volume  4to.  contains 
be  best  account  of  the  alum  works.    (Ibid.)     * 

^ome  parts  of  the  alum  shale  at  Whitby  are  useful  as  marie.    (Ibid.) 

It  contains  masses  of  iron  ore  Tseptaria],  which,  when  of  a  globular 
irm  sometimes  enclose  naphtha  (bitumen  ?) ;  also  sometimes  wood  more  or 
est  petrified  and  occasionally  passing  into  jet  (N.  J.  v.  ^.  p.  254);  they 
r«  totnetiffies  coated  with  pyrites. 

b  contains  immense  ouautities  of  red  iron  ore  at  the  depth  of  about 
fR>  hundred  feet  from  tne  top  of  the  aluminous  strata,  in  seams  varying 
itai  a  few  inches  to  two  feet.  The  iron  ore  yielded  by  analysis  thirty  to 
mtj  per  cent,  of  oxide  of  iron,  phosphoric  add,  lime,  alumine  and  stka. 
t  ii  smelted  at  Newcastle.    (Ibid.) 

It  contains  sulphate  of  liaie  in  crystals,  and  carbonate  of  lime  in  vcim. 

Ibid.) 

Under  the  aluminous  shale  formerly  worked  at  Gisborough  in  Yorksh:ffe, 
I  a  shale  abounding  in  fossils,  among  which  the  pecten  it  the  mott  frequent; 
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pastes  YorX  on  the  east,  and  crosses  the  Humber  a  Uttte 
vard  of  the  junction  oC  tht^  Trent  and  Ouse,  «tietc>iii|| 

it  it  in  );«icral  much  drcompoird ;  Ihe  unweatherrd  pant  arc  bnpc 
wiih  ipccki  o(  mici,  and  rttemble  the  Dic-nrth  of  Shropiliiie ;  itn 
ever  (videtiilT  ■  member  of  ihe  iiu  fotmaiioQ.     (G.  Note*.) 

At  CltT  hill  and  l«nK  Ueep  1"".  at  (he  foot  of  Greeabow  hil),  at 
eompoHd  eorirelT  of  liii,  iliii  lubitance  apprari  in  *  very  dH 
ch4iac»r  from  thai  which  it  commoiilr  aimmes.  It  a  Irue  ifari 
CKCuioniilly  limMIOOe  aod  oecuioDallif  ibate,  in  botb  of  whkfa  « 
GOQiaiiu  pcclioti,  btlnniiiles,  &c.  altliougli  ndiher  ■mmoailo  iiorl 
were  perceived  i  but  il  is  more  commoiilit  in  ihe  itate  of  a  lhi«k  im 
■rpl'accuui  flag-«lone,  like  the  dun-aiotie  of  Henford,  and  thii,  bM 
more  andy  in  ihe  upper  bed>,al  leDEthiHumulheupect  of  CalrfS 
ilMe,  but  the  fouili  ate  ihi  ume  m  lliote  of  ibe  lia>.  (C.  Notei.)  t 
•II  the  moM  chaticteriitic  orgnoic  remaiiu  are  found  a>  abundaM 
Yorkthire  ai  in  DoiKUliire,  and  ihe  idenliiy  of  the  fbrmalion  con^ 
■Kcbtitbcd  bf  (hem ;  we  majr  notice  patlicuLarly,  with  thit  irirft 
Kmaini  of  the  Icihfouurui  aod  Pledouutui.  The  wveral  ipeciaf 
AmmonilH  belonging  to  the  divition,  which  have  the  nphDnck) 
ttevjied  iidg«  plared  beivren  two  futniwi  iracfd  along  the  tw 
each  vuluiion;   ihe  Aoimoniict  armacu*-,  the  Gcyphm  inciiiva;  nt 

n«|icMa(D>  gigiDiea. 

Mr.  Winch  alio  givei  the  faltowing  lilt.    (G.T.  T.5.  p.  555.) 
Sthim  Tulgarii.     Parkinion,  vol.  iii.  lab.  8.  fig.  3. 
AmaHtila  lerratu*.     Sowerby,  lab.  !4. 

annatiia 6fi. 

heleropbillui \66. 

JIfMUi.  .depreus  S.  middle  fig. 

OHkiira  conica e.  fig.  I  Sc  2. 

Mga,  two  tpeciei. 

C^«a  dieilaia.    Sowerbv,  lal>.  1T4. 

HHm. 

falaitt  reaembling  the  common  acallop. 
Theie  tre  all  mineraliied  by  clay4ron-Moae,   iron  pyritea,  aid 

Gigiantic  reeda  memblitip  arundo  doaai  are  found  ia  ihe  ica  clifil 
Mte  Higt  Whitby,  lliey  appear  to  have  been  rooted  in  a  bed  of  A 
alace-clay,  and  their  remaini  protrude  into  a  uralum  of  und^UN 
feel  thick,  Thote  which  itand  erect  tiliin  their  «hape,  but  thOMi 
do  not  are  compreued.  Tlieir  topg  teem  lo  have  been  broken  ofl 
woody  mailer  hu  diuppeared,  leaTtng-  tand-itone  catti.  Cteltof  El 
bia  are  alio  found  in  Ihe  laod-iione  itriia  above  the  alum  rocki.  ' 
mineraliied  by  iron  it  frequently  found  at  Kettleneu  and  Stoal 
Tnuiki  and  bianchet  of  fonil  Ireei,  the  bark  and  lofier  puta  of  < 
have  been  changed  into  jel,  arc  frequently  mel  with  in  the  alum  i 
and  leavei  and  impreuioni  like  thote  of  the  palm,  ire  found  in  tte 
MoneuidiTon-MOM.    (,G.T.  voU5.  p,  556.) 
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inlii  beneath  the  scarp  of  the  low  oolite  range  of  Lincolnshire, 
the  Wold  hills  on  the  borders  of  Nottingham  and  Leicester, 
id  the  celebrated  qaarries  of  Bartoii  upon  Soar,  whence  it 
IDtinnes  still  regularly  accompanying  the  scarp  of  the  hills 
■med  by  the  inferior  and  great  oolite  through  the  counties  of 
btUngbam,  Warwick,    and  Gloucester,      its  whole  course 

te;hont  this  extensile  line  to  a  few  miles  south  of  Giou- 
*  is  remarkably  regular,  presenting  an  average  breadth 
Ciboat  six  miles^  bounded  on  the  south-west  by  tJie  oolites, 
pi  on  the  north-west  by  the  red  marie  ;  but  beyond  that  point, 
jll^course  becomes  much  more  intricate;  for  while  its  eastern 

e  still  continues  to  accompany  the  oolitic  ranges  through 
rsetshire  to  the  coast  in  Dorsetshire,  being  its  line  of 
||Mtloo  with  the  superior  formations,  its  western  limit  be- 
hies  rery  irregular,  feathering  in  and  out  among  the  coal- 
|)Ui  which  occur  towards  the  asstuary  of  the  Se?eni,  and  the 
llper  part  of  the  Bristol  channel,  in  Gloucestershire,  Somer- 
■Wre,  Monmouthsire,  and  Glamorganshire,  and  attended  by 

The  encroachments  made  on  the  cliffs  by  the  sea  and  by  the  weather  is 
o,|reat,  that  the  Abbey,  built  near  ^^'hitby  in  b'36,  was  then  nearly  one 
we  from  it,  but  in  1810  the  sea  had  approached  to  within  SOO  yards  of  it, 
H.J.  v.^5.  p.  1!4I.} 

*  The  westeroy  or  exterior  and  lower,  limit  of  this  tract  from  the  ,Hum- 
*r  to  Gloucester,  may  be  thus  stated  more  particularly ;  it  follows  a  Hue 
bout  two  miles  (on  the  average)  east  of  tne  river  Trent,  as  far  as  its 
i^vcdon  with  the  Soar,  and  then  pursues  in  a  similar  manner  the  rij^ht 
^uikof  the  latter  river;  formin|^  occasionally  a  low  escarpment,  which  is 
"Mt  conspicuous  near  the  junction  of  the  two  streams.  From  the  head  of 
■*Scar,  it  crosses  by  the  west  of  Ruyby  towards  the  Warwickshire  Avon, 
->d  keeps  at  a  variable  distance  (never  exceeding  four  miles)  from  the  left 
^Qtt  Dank  of  that  river,  approaching  closely  to  it  at  Evesham:  there 
^  ilso  several  outlying  bills  of  this  formation  on  the  rijrht  bank  of  the 
(>vcr  between  Warwick  and  Alcester ;  the  same  is  the  case  between  the 
^uence  of  the  Avon  and  Severn,  where  the  lias  stretches  between 
^  fork  of  those  rivers  opposite  Tewkesbury.  This  ground  is  correctly 
pvcn  in  Mr.  Smith's  Map,  but  inadvertently  coloured  as  lias  in  Mr. 
l>Raough*s ;  in  the  latter  also,  the  lias  does  not  extend  far  enough  on  the 
■Ntof  Gloucester,  by  about  two  miles;  it  ought  to  include  JLassington 
Uid  Woodbridgc  and  the  hill  marked  g  on  the  west  of  the  Severn,  which 
lovi  in  a  deuudutioa  of  the  red  marie  to  about  three  miles  north  of 
ibacester. 

Id  the  midland  counties,  from  the  vale  of  Belvoir  to  the  north  of  Oiford- 
Ure,  some  peculiar  beds  of  rubbly  lias,  often  occurring  as  concretions, 
banccerise  the  upper  part  of  the  lias  niarles,  being  separated  how- 
KT  Inr  about  50  feet  of  marie  from  the  marly  sandstones  described  in  the 
iccRnng  section :  they  contain  a  greater  variety  of  shells  than  the  reguUr 
H  bcdit;  most  of  those  figured  in  the  Natural  History  of  the  vale  of 
llrotr  in  the  first  volume  of  Nichols'  Leicestershire  aie  from  this  part  of 
c  aeries;  a  thick  Unio,  and  the  Pentacrinites  tubcrcolatus,  art  most 
lancterisdc.  Shuckbrough  hill  in  the  south  of  Warwickshire,  so  well 
lown  for  the  occurrence  of  the  star-like  columnar  joints  of  this  fowl,  is 
jed  on  this  bed. 
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BttmeitHU  outlying  numes.  To  render  intelHgible  tke  covne 
nod  position  of  the  lias  in  this  qnarter,  it  is  necessary  to  stite 
that  thb  diitrict  is  principally  occopied  by  three  great  basmi 
of  the  coal  formation,  encircled  by  the  sobjaeent  rocks  sf 
mountain  limestone  and  old  red  sandstone ;  the  j  edges  of  thsse 
basins  consist  of  strata  thrown  up  at  a  high  angle  and  oltea 
nearly  vertical,  forming  bold  and  precipitous  ranges  of  lnUS| 
among  the  vallies  of  which  the  horizontal  strata  of  lias  with  tie 
subjacent  beds  of  red  marie  and  brecciated  or  magnetiaB  fine 
(hereafter  to  be  described),  form  what  the  Wemeriani  woakl 
call  up-fillings,  being  deposited  unconformabfy  over  the  ex- 
tremities of  the  highly  inclined  strata  of  the  coal  measores,  ftc 
which  they  cover  very  generally  in  the  lower  grounds;  sel- 
dom exceeding  a  trifling  elevation,  *  and  cut  through  in 
various  directions  by  the  higher  ranges  of  mountain  Bme  aid 
old  red  sandstone  diiove  mentioned,  which  of  conrM  gives  to 
the  whole  a  very  irregular  and  perplexed  outline.  These 
three  principal  coal  basins,  for  there  are  other  small  ones  which 
it  would  only  embarrass  so  general  a  description  to  spedfj, 
are,  1st.  That  of  South  Gloucester  and  North  Somerset, 
bounded  on  the  south  by  the  range  of  the  Mendip  hills,  on  the 
west  by  the  range  which  passes  by  Clifton  forming  the  defile  of 
the  Avon,  and  on  the  north-east  by  a  continuation  of  the  same 
chain,  trending  round  in  that  direction  ;  all  these  chains  exhibit- 
ing incUned  strata  of  mountain  lime  and  old  red  sandstone. 
The  lias  and  subjacent  horizontal  beds  are  seen  filling  up  the 
interior  of  this  basin  in  the  neighbourhood  of  Bristol,  between 
that  city  and  Bath,  at  Pucklecliurch,  and  throughout  the 
Somersetshire  collieries.  On  the  north-west  of  the  ridge  form- 
ing the  edge  of  the  coal  basin,  they  are  to  be  seen  at  Pyrton 
and  Aust  Passages,  and  numerous  other  points  along  the  KStn- 
ar}'  of  the  ScYern,  by  which  this  coal-field  is  separated  from 
that  of  the  forest  of  Dean.  On  the  south  they  stretch  beyond 
the  foot  of  the  Mendips,  through  the  marshes  of  the  rirers 

*  This  18  to  be  understood  as  a  general  expression  of  the  fact ;  io  some 

Krts,  however,  of  the  South  Gloucester  and  Somerset  basin,  towards  the 
endip  hills,  where  the  vallies  are  deeply  excavated  through  the  subjacent 
sandstone  to  the  coal  measures,  the  lias  sometimes  caps  the  brow  of  escarp- 
ment between  300  and  400  feet  in  height. 

Above  Crosscombe,  on  the  south  of  the  Mendips,  between  Shepton 
Mallet  and  Wells,  the  lias  which  here  abuts  abruptlv  against  the  dented 
stfRta  of  mountain  limestone,  forms  platforms  about  naif  way  up  the  hiOs ; 
and  the  groupe  of  Broadfield  Down,  which  forms  a  portion  of  tne  western 
boundary  of  this  basin,  is  skirted  on  the  south-east  with  lias  Ikiils  aliDMt 
rivalling  it  in  height.  The  details  of  this  district,  which  it  would  be 
scarcely  consistent  with  the  limits  of  a  general  work  like  the  preteni 
to  trace  at  greater  lengtli,  are  rcprcseuied  with  great  fidelity  m  M'' 
Grcenough^s  Map. 
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Brae  and  Axe,  from  which  thej  occasionally  rise  in  low  ridges^ 
•ach  as  the  Polden  hills,  and  in  one  instance  swell  into  a  more 
lofty  summit  at  Brent  Knoll,  an  insulated  hill  rising  from  the 
marshes  on  the  southern  coast  of  the  Bristol  channel — for  al« 
though  this  hill  has  a  thin  cap  of  inferior  oolite,  yet  its  great 
mass  is  lias;  thence  they  continue  to  skirt  the  coast  to  a  few 
miles  west  of  Watchett,  near  which  place  they  exhibit  cliffs 
occasionally  rising  to  the  height  of  one  hundred  feet,  and 
extending  to  the  greywacke  chain  of  Quantock.  The  second 
coal  basin  to  be  mentioned  as  affecting  the  lias,  is  that  of  the 
forest  of  Dean,  likewise  encircled  by  an  elevated  border  of 
moontmn  limestone  and  old  red  sandstone,  prolonged  chains  of 
which  proceeding  from  its  western  boundary,  cross  the  Wye, 
prodvcing  the  beautiful  defile  of  that  river,  and  forming  the 
lange  of  Pen  cae  Mawr,  in  Monmouthshire,  between  that  river 
and  the  Uske.  The  interior  of  this  coal  basin  is  throughout  too 
elevated  to  admit  any  up-filling  of  lias ;  but  that  rock  is  to  be 
found  abutting  in  horizontal  strata  against  the  southern  edge  of 
its  exterior  ridges  in  Gloucestershire,  near  the  mouth  of  the 
Wye^  and  in  Monmouthshire  on  the  south-east  of  Newport; 
also  at  Godcliffe  on  the  Bristol  channel. 

The  third  coal-field  connected  with  the  position  of  the  lias, 
is  the  south-east  portion  of  the  great  coal  basin  of  South  Wales, 
in  Glamprganshire ;  where  it  is  skirted  on  the  south  by  two 
chdns,  or  rather  a  double  chain  of  mountain  limestone,  sepa- 
rated by  the  vale  of  the  river  Ely,  in  which  the  subjacent 
old  red  sandstone  appears.    This  valley  exhibits  several  lower 
ranges  formed  by  up-fiUings  of  lias,  &c.  commencing  about 
five  miles  west  of  Landaff;  whence  with  some  interruptions 
they  accompany  the  Ely,  first  on  its  left,  and  then  on  its 
right  bank,  to  its  junction  with  the  channel  near  Pennarth 
Point ;  continuing  thence  to  Lavemock  point,  where  the  lias 
is   interrupted,    but  the  inferior    strata  of   red  marie,   &c« 
continue;  and  bending  round  the  extremity  of  the  southern 
chain  of  mountain  lime,  advance  westwards  along  the  coast. 
The  lias  again  rises  at  Barry  Island,  and  continues  to  skirt  the 
coast  in  a  western  direction  for  the  distance  of  fifteen  miles 
nearly  to  the  mouth  of  the  Ogmore  river,  forming  a  range  of 
bold  cliffs,  among  which  is  the  little  harbour  of  Aberthaw, 
celebrated  for  the  lime  it  exports.    These  cliffs  stand  directly 
opposite  those  of  W^atchett,  on  the  Somerset  coast. 

In  the  valley  of  the  Ogmore,  near  Bridge  end,  is  another 
np-filling  of  lias,  which  advances  a  little  within  the  edge  of  the 
coal-field. 

Learing  these  intricate  districts,  and  resuming  the  pro^resa 
of  the  lias  to  the  Bouih^  It  advances  regatoxV)  \MiieaK^  ^« 
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oolitic  ranges  through  the  south-east  of  Somersetshire,  ints 
Dorsetshire ;  where  the  overlying  strata  of  green  sand,  (wludi 
in  this  quarter  extend  snccessivelj  of er  the  edges  of  all  the 
inferior  strata  as  far  as  the  red  marie)  cover  and  conceal  it, 
forming  the  high  ranges  of  the  Rlackdown  hills.  It  is  howerer 
laid  open  to  Tiew  hj  denudation  in  all  the  eastern  vallia  of 
that  chain,  and  may  thus  be  traced  to  the  coast  of  the  chaaael; 
where,  in  the  neighbourhood  of  Lyme,  it  is  displayed  in  arsagt 
of  cliffs,  extending  about  foor  miles,  and  sinking  at  kogth 
beneath  a  covering  of  the  Inferior  oolite  and  itb  sand. 

The  best  places  for  studying  this  stratum  are  the  cliffs  of 
"Whitby  in  Yorkshire,  those  of  Fretheme  and  Westlmry,  oa 
the  aestuary  of  the  Severn  in  Gloucestershire,  of  Watchett  ia 
Somersetshire,  of  Aberthaw  in  Glamorganshire^  and  of  Lpne 
in  Dorsetshire. 

(e)  Height  of  hiU$.  The  lias  generally  forms  broad  and 
level  plains  at  the  foot  of  the  oolitic  chain  of  lulls.  It  may  be 
generally  observed,  that  all  the  argillaceous  formations  in  most 
instances  occur  as  constituting  low  tracts,  in  the  present  con- 
figuration of  the  Earth's  surface; — a  circumstance  which  is 
rather  to  be  attributed  to  their  having  offered  less  resistani-e 
to  the  denuding  causes  i^hich  modified  the  inequalities  of  that 
surface,  than  to  any  thing  connected  with  their  original  for- 
mation. These  plains  are  sometimes  diversified  with  low 
ridges,  and  a  slight  escarpment  may  often  be  traced  following 
the  lower  limit  of  the  foi:mation.  This  escarpment  is  most 
conspicuous  on  the  borders  of  Nottinghamshire  and  Leicester- 
shire, where  it  forms  a  well  marked  range  distinguished  by  the 
name  of  (he  Wold  hills.  Near  the  Mendips,  as  we  hare 
already  noticed,  the  lias  sometimes  occurs  on  the  brow  of 
tolerably  steep  escarpments,  but  its  maximum  of  elevation 
probably  falls  short  of  ^\g  hundred  feet  above  the  level  of  the 

(f)  Thickness*  The  joint  consideration  of  the  dip  of  the 
beds  constituting  this  formation  and  their  horizontal  extent, 
together  with  the  relative  levels  of  its  superior  and  inferior 
limit,  giTes  a  result  of  between  four  and  fure  hundred  feet  for 
their  thickness  in  the  midland  counties. 

{g)  Inclination  of  the  strata.  This  is  usually  very  small 
not  exceeding  forty  feet  in  the  mile,  which  conformably  with 
all  the  strata  ranging  through  the  island,  from  north-east  to 
south-west,  is  in  a  south-easterly  direction  ;  but  where  it  comes 
into  contact  with  the  ridges  of  mountain  lime  and  older  rocks 
in  Glamorganshire  and  Somersetshire,  it  is  occasionally  much 
disturbed  and  affected  by  some  of  the  faults  which  traverse 
them  I  such  dittUTbaBces  ate\vow«v«T  ^V^vt^-^nsMYti^aLd limited; 
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hs  general  character  of  horizontal  stratification,  always  pre- 
niling.  Near  Watchett,  these  partial  disturhances  produce 
an  appearance  of  alternation  in  the  strata  of  lias  and  red  rork 
mirle. 

(h)  AgricuUural character.  The  lias  soil  is  generally  cohl 
ttid  tenacious,  better  adapted  to  pasture  than  tillage  :  in  more 
iheltered  situations  it  is  fayorable  to  the  growth  of  wood. 
(6.  Notes.) 

In  Glanioi^ganshire  it  produce^  very  fine  wheat;  and  the 
narle  xA  the  rag,  or  grey  lias,  is  esteemed  the  richest  in  the 
ooantry.  (Mr.  G.Williams*  G.  Notes.) 
'  Samphire  grows  more  plentifully  and  luxuriantly  in  the  grey 
Has  cliffs  of  Glamorganshire  than  on  any  other.  (G.  Notes.) 
•  (f)  Water,  The  springs  are  generally  thrown  out  by  tho 
marie  abore  the  lias,  near  its  junction  with  the  lower  beds  of 
the  sand  underlying  the  inferior  oolites,  and  it  is  therefore 
doabtful  to  which  of  the  formations  they  should  with  most  pro- 
priety be  referred.  The  mineral  waters  of  Ilmington  (War- 
wickshire), Cheltenham,  Bath,  Glastonbur}',  and  Alford  near 
Castle  Cary,  appear  to  be  thus  situated :  the  former  is  a  chaly- 
beate, the  latter  contain  various  proportions  of  iron,  carbonate 
of  lime,  sulphate  of  lime,  sulphate  of  magnesia,  sulphate  of 
soda,  muriate  of  soda,  which  hist  is  often  very  abundant,  he. 
bat  the  analyses  of  those  of  Bath  and  Cheltenham  appear  to 
have  been  alone  carefully  performed. 

When  Completely  within  the  district  of  the  lias  marles,  water 
(exceptidg  the  ground  springs)  is  only  to  be  procured  by  sinking 
id  tiie  bottom  beds. 


i 


CHAPTER  IV. 


RED  HARLE,  or  NEW  RED  SANDSTONE. 

This  Chapter  will  coDclnde  our  Tiew  of  Um  fomiAtms  abm 
the  great  and  Important  depoiitt  of  coal,  and  compiiae  the  bdb 
between  the  lias  and  thoie  deposits :  these  are  entirely  lefar* 
able  to  two  formations  very  intimately  connected  together,  m, 
1st.  a  series  of  marly  and  sandy  beds  intermixed  with  ooi^ 
merates  derived  from  older  rocks,  containing  gyprnm  and  rack 
salt,  and  in  one  instance  amygdaloldal  trap :  and  tedly,  a  caU 
careous  formation  often  brecciated  and  characterised  by  conttta- 
ing  a  considerable  portion  of  magnesia:  this  lies  beneath,  or  rt 
least  in  the  lower  portion  of  the  above  series.  The  forma 
deposits  are  commonly  known  by  the  name  of  Red  marie  ir 
New  red  sandstone ;  the  latter  as  the  Magnesian  limestone* 

The  first  section  of  this  chapter  will  therefore  treat  of  the 
former,  and  the  second  of  the  latter  of  these  formations;  a 
third  section  will  be  added,  dedicated  to  a  comparison  of  these 
formations  in  this  island  and  other  parts  of  the  globe,  which  ia 
this  instance  it  will  be  found  more  convenient  to  sabjoin  thia 
prefix.     (C.) 

Section  I. 

RED  MARLE. 

(a)  Chemical  and  external  characters*  This  formation  is  by 
some  also  termed  the  Red  Rockj  or  Red  Ground,  It  is  a  veiy 
extensive  deposit,  stretching  with  little  interruption  from  the 
northern  bank  of  the  Tees  in  Durham  to  the  southern  coast  of 
Devonshire.  Its  texture  is  very  various.  It  appears  sometimes 
as  a  reddish  marie  or  clay,  sometimes  as  a  sandstone ;  some* 
times  the  clay  and  sandstone  are  interstratified  or  pass  the  one 
into  the  other ;  and  it  will  farther  appear  that  it  is  associated 
with,  or  contains  beds  of,  a  conglomerate  consisting  of  masses 
of  different  rocks  cemented  by  marie  or  by  sand.  When  this 
deposit  appears  as  a  sandstone,  its  characters  differ  greatly  in 
different  places  *,  it  la  occanooaW^  caicasnoiaa^  and  aometinies 
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I  slaty  textare.  Above  all,  this  extensWe  deposite  is  re» 
iLable  for  contaiDiDg  masses  or  beds  of  gypsum ;  and  the 
A  rock-salt  formation  of  England  occurs  within  it,  or  is 
ordinate  to  it ;  in  some  plapes  the  strata  of  coal  dip  be- 
hit. 

itboogh  it  would  perhaps  be  generalising  too  hastily  to 
rt  that  these  beds  iuTariably  follow  in  a  constant  order,  yet 
ay  be  safely  stated  as  a  general  truth,  that  the  red  marie 
Gaining  gypsum  usually  occupies  the  higher,  the  sandstone 
central,  and  the  conglomerate  the  lower  portions  of  this 
osite;  but  the  most  remarkable  of  the  subordinate  beds 
neeted  with  this  formation  are  those  of  amygdaloidal  trap, 
ch  occnr  in  it  in  Deronshire :  as  these  are  confined  to  that 
Dty,  they  will  be  described  in  treating  of  its  local  characters 
hii.  quarter.    (C.) 

"he  general  composition  of  these  beds  is  argillaceous,  argll!o-» 
•oos,  with  a  rariable  proportion  of  calcareous  matter,  some- 
i§  effervescing  weakly  with  acids,  sometimes  not  at  all.  (C.) 
*he  marie  and  sandstone  are  often  red,  but  vary  in  their  hue 

II  chocolate  to  salmon  colour;  they  are  not  unfrequently 
Bgated,  exhibiting  streaks  of  light  blue  or  verdigris,  buff,  or 
im  colour  (6.  Notes)  ;  this  forms  so  prominent  a  character, 
;  Werner  denominated  the  formation  ^<  hunter  sandstein,** 
etgated  sandstone.    (C.) 

kt  Westbury  on  the  Severn  in  Gloucestershire,  it  is  for  the 
t  part  greyish  blue  and  chocolate  red,  alternating  at  inter- 

of  about  a  foot,  but  sometimes  crossing  each  other,  and 
letimes  intermingled.    (G.  Notes.) 

!'he  soil  of  Malborough  in  Devonshire  is  so  red  that  tlie 
chers  at  Dodbrooke  market  know  the  sheep  by  the  colour 
he  fleece  that  come  from  thence.  (Polwhele,  G.  Notes.) 
•'rom  the  prevalence  of  this  striking  colour,  the  soil  of  the 
nation  has  given  rise  to  many  local  names ;  as  in  Exeter  to 
igemont  castle,  now  a  prison ;  in  Somersetshire  to  Radford, 
1  hill,  and  Red  cliff;  in  Gloucestershire  to  Redbrook;  la 
reestershire  on  the  borders  of  Glamorganshire  to  Red  marly; 
Yarwickshire  to  Radford ;  in  Nottinghamshire  to  Retford  ; 
Iford,  Ratcliffe  and  to  Redhill  at  the  junction  of  the  Trent 

Toar;  in  Derbyshire  to  Retford;  and  in  Yorkshire,  to 
iherham.  Red  mire.  Red  ho,  and  Red  bar  rocks,  which 
ear  on  the  sea  coast  between  Gisborough  and  HartlepooL 
155.) 

lie  red  marie  is  remarkable  for  its  fissures,  which  are  trans- 
le  to  the  strata,  and  separating  the  rock  into  rhombic  forms, 
triktag  example  of  this  may  be  seen  at  the  new  cut,  Bristol^ 
r  Bridgnorth  in  Shropahm,  at  Kiddem&n&lec  \a^ott«tet- 
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shire,  aod  near  Sutton  and  Ellaston  in  Staffordahire.  G.  No4a.X 

At  Weitburjr  on  Severn  and  other  places,  it  U  tend  in  mk 
centric  lamellar  concretions,  which  often  cnck  Into  inngahi 
hexahedrai  and  pentagonal  masses.     (6.  Notes.) 

Fullers'  earth  is  raised  from  the  marie  beds  at  Raddle  piU 
near  Braithweei,  norUi*east  of  Rotherham,  and  at  Rntoa  ia 
Yorkshire;  and  at  Taschbrook,  one  mile  from  Warwiek,  anb-r 
stance  probably  of  the  same  nature,  as  it  was  intended  ss  a 
substitute  for  soap,  was  raised  by  the  Earl  of  WanricL 
(G.  Notes.) 

The  sandstone  of  this  formation  consists  of  rather  Ame 
of  quarts,  with  a  few  specks  of  mica^  cemented  by  cb^ 
oxide  of  iron  ;  it  contains  galls  of  clay,  is  friable,  and  aftrii  I 
large  tracts  of  sand.  The  beds  generally  differ  in  colmir,  sai  I 
though  it  rarely  happens  that  any  great  Tariety  of  oolnr  U  I 
seen  in  the  same  bed^  yet  between  Exeter  and  Kiminity  ii  I 
Devonshire,  the  white  and  red  layers  of  sand  am.  strang^y  I 
mixed.  Although  it  appears  to  consist  principally  of  Mom^  I 
particles  worn  down  by  attrition,  yet  it  exhibits  uneqnifoed  I 
proofs  of  chemical  acfioii.  It  sometimes  contains  small  wUla  I 
opake  crystals  of  felspar,  and  in  Cumberland  fragment!  ^  I 
flioty  slate.  It  is  sometimes  amygdaloidal,  and  sometiBii 
passes  by  insensible  gradations  into  trap.     (G.  Notes.) 

The  slaty  character  of  the  sandstone  is  mostly  derived  frOB 
particles  of  mica  which  are  generally  grey,  and  lie  in  detacked 
spots,  not  in  regular  layers.  It  occasionally  passes  into  Mf 
marie.     (G.  Notes.)  I 

This  rock  is  generally  unfit  for  the  purposes  of  architectmc, 
but  in  some  places  it  has  sufficient  cohesion  to  aflbrd  some  of 
the  finest  freestone  in -the  kingdom.  The  tower  of  Kentoa  ia 
Devonshire,  is  a  proof  that  sometimes  it  is  durable.  (Polwhds* 
G.  Notes.) 

It  aflbrds  an  excellent  white  freestone  at  Runcorn  and  Mas- 
ley  in  Cheshire.  In  the  parish  of  Addingham  (Cumberland?) 
the  Druidical  temple  called  Long  Meg  and  her  daughters,  con- 
sists of  red  grit-stone  ;  some  of  the  stones  are  18  feet  in  hei^ 
and  14  in  girth.     (Pennant,  G.  Notes.) 

From  the  softness  of  this  sandstone  it  has  been  frequeirtly 
excarated  into  extensive  artificial  caverns ;  sdch  as  those  nett 
Nottingham,  which  as  they  gave  rise  to  the  name  of  the  plaoc^ 
Snodengaham,  ^^  the  home  of  caverns,"  must  hare  been  n 
great  antiquity,  and  probably  may  have  formed  the  dweUiigi 
of  the  rude  aborigines :  there  are  similar  but  smaller  excara- 
tious  at  Knaresborough  ( Yorks)  and  Guy's  cliflT,  Warwick.  (C) 

Some  of  the  sandstone  beds  of  this  formation  bear  so  near  a 
resemblance  to  some  oi  V\i^  ^t\u  )ia^uaAA.d  ¥iith  the  coal  foi^ 


t.  .^ 


Sect.  I.     Red  Marie.  281 

ii»{)0^^^^3^^  to  (he  soft^t  sttata  of  the  old  red  sandstone  under- 

^^  ^^    monntain  limestoiie,  that  a  cnrsorjr  obsenratHm  of 

^^^?|^^ld  often  lead  to  fallacious  condnslons.    It  may  how- 

«**|^  generally  recogiilised  without  much  difficulty  by  thte 

^^J^^'^g  distinctive  characters ;  1st,  its  containing  gypsum ; 

^■T>  by  the  inferior  consolidation  of  its  stony  beds ;  3dly,  by 

^^^S^larity  of  its  stratification,  and  the  general  parallelism 

•t  its  beds  to  the  horizon.     (C.) 

Farther  notices  of  the  local  characters  of  tlfii  formation  will 
be  incorporated  io  the  account  of  its  range  and  extent. 
7  ^       W  Mineral  contents.   Besides  the  extensive  deposit  of  rock 
^^    ^  md  gypsum  *  noticed  above,  sulphate  of  strontian  and  Im* 

^*  We  hare  extracted  the  following  noticei  from  the  notes  obligingly 
-     %ivai  to  the  editor  by  Mr.  Grcenough  with  regard  to  the  gymm  and  lUt. 
Alabaster.    ProTincially  Plaister  stone,  and  Hall  Plaister.    In  Deron* 
^Yiire, Spear,  i.e.  Spar. 

'tih  tobstance  is  a  considerable  article  of  trade.    The  larger  masses  are 

~  into  pillars,  as  at  Kcdleston  in  Derbyshire,  or  vases  and  other  oni»- 

The  finer  varieties  of  the  fibrous  gypsum  are  made  into  earrings 

necklaces:  the  coarser  kinds  are  used  as  moulds  by  the  potters  of 

%Uflbrdshirc,  or  is  used  for  stucco,  plaister,  flooring,  &c.  for  which  it  it 
^rlpnred  by  burning,  and  threshing,  or  pulverizing  with  flails,  after  wMch 
« is  pMsed  through  a  riddle. 

Ii  America  the  virtues  of  this  substance  as  a  manure  are  highly  eatoHtd* 
^nt  in  this  country  our  expectations  in  this  respect  have  been  disappointed. 
Ko  organic  remains  or  metallic  minerals  have  hitherto  been  found  in  the 
m  of  this  formation. 

Newbiggin  in  Cumberland  it  lies  in  red  argillaceous  marie,  betweva 
strata  of  sandstone ;  the  upper  solid,  hard  and  fine-erained,  the  under 
•  and  coarse-grained:  in  some  places  it  rests  on  decayed  wood-likt 
anbcr.    f  Hist.  &  Antiq.  of  Cumb.) 

One  mile  south  of  Whitehaven  in  Cumberland^  the  subtemnean  work- 
ings for  alabaster  extend  SO  yards  in  a  direct  Kne ;  the  passages  are  low, 
Md  of  a  size  just  sufficient  to  allow  one  man  to  enter  them.  From  the . 
Bttin  passage  are  two  or  three  lateral  ones,  each  extending  perhaps  10  yards; 
at  fbar  otremities  are  large  spaces  in  which  the  alalMster  is  blasted  by 
gonpowder. 

.  Ill*  alabaster  is  generally  compact,  forming  a  regular  and  conformable 
bad,  but  on  blasting  it,  crystals  of  selenite  often  appear  in  druses.  After 
eipoaufc,  it  often  exhibits  parallel  lines,  the  effect  of  stratification,  which 
are  not  perceptible  in  the  fresh  fracture. 

At  the  commencement  of  the  last  war  with  France,  from  SOO  to  SCO  tons 

«f  the  Ifewbisgin  gypsum  was  sold  per  annunu  (Hutch.  Hist.  Cumb.) 

It  m  remarkable  that  the  names  of  many  places  near  which  salt  is  found 

'lie  with  wich  or  wych,  as  Droitwich,  or  Nantwich,  &c.;  and  the 

IB  which  salt  is  manufactured  Wych-houses.    Wich,  according  to 

ft  it  an  Anglo-Saxon  word  for  district  or  habitation.^ 

The  Aster  trifoTium,  or  ferewell  to  summer,  a  kind  of  Michadmas  daisy, 
is  cewidered  an  indication  that  brine  is  in  the  neighbourhood  i  its  proper 
knbiiat  ia  the  sea<4hore.  .  v    nu 

The  maUng  of  salt  from  the  brine^spriiws  adjacent  to  Nantwich  m  Cne- 
sMfe,  femed  a  very  important  business  in  the  time  of  Elizabeth,  whea 
there  w«e  ai6  «Ut  works  of  six  leads  walling  each;  in  1774  there  were 

2  N 
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rytcs  occur  in  this  format  ion,  and  perhaps  also  yellow  ml  o^  \^f€( 
ores  of  copper,  grey  oxide  of  cobalt,  and  black  oxide  of  nttl*'  Vo-iw^ 
nese :  the  reason  for  speaking  doubtfully  on  these  latter  aitidd  U..  k( 
will  appear  in  the  following  statements.     (C\)  \'^'^*' 

At  Seacomc  Ferry  on  the  shores  of  the  Mersey  opposite  1i  K,.  ttJ 
Liverpool,  and  for  several  miles  along  the  coast,  magnetic  iiM*  \y,rU 
sand,  mixed  with  much  iserine,  ooses  out  of  a  coheriagniA  |^.ji. 
lying  below  a  deep  bank  of  clay,  and  which  is  coii^idcmM 
cMiteriug  largely  into  the  geological  composition  of  that  put  il 
Cheshire.     (G.T.  vol.4,  p.  447.)  |V 

(c)  Organic  remains.  None  whatever  have  yet  been  Und 
in  any  of  the  rocks  connected  with  this  formation,  unleiiAi 
masrnesiau  limestone  (which  contains  some  marine  animals)  bi 
considered  as  included  in  it.  * 

(d)  Range  and  extent.    The  eastern  or  superior  linut  i 
this  formation  (being  its  junction  with  the  lias)  has  already  bea 
traced  through  the  island  as  forming  the  inferior  limit  of  tke 
latter  rock,  but  we  no  longer  find  in  this,  as  in  the  prec«diii| 
formations,  the  western  or  inferior  limit  describing  a  line  neirlT 
parallel  to  tiic  former,  and  thus  together  with  it  includiog  i 
band  or  zone  of  nearly  uniform  breadth.     The  reason  of  tliii 
circumstance  is,  that  the  Red  Marie,  and  its  associated  magae- 
«ian  limestone,  form  the  last  of  the  nearly  horizontal  and  con- 
formable strata  occupying  the  eastern  and  southern  counties; 
and  the  strata  of  the  succeeding  formations  are  unconformahlj 
placed  with  regard  to  these,  rising  from  beneath  them  at  various 

only  two  works  of  five  large  pans  of  wrought  iron.  The  duty  produced 
from  them  amounts  annually  to  near  ^£^5000;  from  the  whole  district,  ah 
eluding:  the  works  at  Lawton  and  a  small  one  at  Droit wich,  from  #18^000, 
to  i'^O^OOO. 

Salt  was  an  object  of  taxation  at  a  very  early  period  in  this  conotiT' 
Ancus  Martius,  640  years  before  our  era,  '  Sahnarnm  vectigal  iostituiL* 
This  tribute  was  contmued  on  the  Britons  when  our  isle  was  possessed  bf 
the  Romans,  who  worked  the  Droitwich  mines,  and  who  maae  salt  a  piR 
of  the  pay  of  their  soldiers*  salarium  or  salary.  Hence  the  custom  at  tbe 
£ton  montem  of  asking  for  salt. 

The  ancient  mode  of  making  salt,  and  which  even  now  I  believe  is  piac- 
tised  in  Germany,  was  to  fling  the  brine  on  burning  wood,  by  which  meui 
the  water  was  evaporated,  and  the  salt  was  left  adhering  to  the  ashes. 

The  Saxons,  according  to  their  ideas  of  liberty,  divided  the  salina  betwtes 
the  king,  the  nobles,  and  the  freemen.  Of  the  salt  works  at  Nantwich, 
eight  were  the  joint  property  of  the  king  and  Earl  Edwin.  The  king  bad 
two-thirds  of  the  profits,  the  earl  one-third  :  Edwin  had  also  a  work  near 
his  manor  of  Aghtcm,  which  yielded  suflicient  salt  for  the  consumption  of 
Iris  household.  If  the  salt  of  this  work  was  sold,  the  king  was  to  have  «  \ 
tax  of  two  pence  upon  it,  and  the  earl  one  penny. 

*  There  is  a  very  remarkable  variety  of  chert  containing  shells  overlying 
tbe  calcareo-magnesian  conglomerates  of  the  Mcndip  hiUs  (Somencts.) 
in  some  places,  but  this  should  most  probably  be  included  under  the 
tfeposite  which  tUtic  rc^Teusi^~\\ieTSA^gMi«iv&\WatoQ«  fonnatioo. 
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very  considerable  angles,  and  towering  into  loftj 
I  chains  of  mountains,  around  which  the  Red  Marie 
■upjing  the  extended  plains  at  their  base :  so  that 
ance  of  the  whole  may  be  described  by  the  figure  of 
lOHcd  of  horizontal  beds  of  red  marie,  &c.  surround- 
ed islands  consisting  of  rocks  of  the  coal-formation, 
erous  mountain  limestone,  old  red  sandstone,  tran- 
e,    and  greenstone,    all   yariously  and   irregularly 

(C) 

;  this  formation,  as  before,  in  its  course  from  the 

to  the  south-west;  the  first  mountain  chain  thus 

it  is  the  long  mountain  range  which  pervades  the 

Northumberland,  Durham,  York,  and  Derby,  and 

e  west  to  the  Cumberland  mountains.    (C.)     It  first 

he  cast  side  of  this  chain  at  the  mouth  of  the  Tees, 

ppears  as  a  fine-grained  sandstone  of  a  brick-red 

ich  efifcrvcsces  with  acids ;  its  limit  on  the  north-cast 

bove  the  northern  bank  of  the  Tees.    The  strata  are 

and  consist  (as  far  as  one  can  judge  from  the  miner's 

of  white,  grey,  or  red  sandstone,  with  occasional  in- 

rata  of  a  more  compact  nature,  red  or  blue  shale 

),  coaly  matter  in  thin  layers,  and  gypsum  in  nodules 

s  of  from  one  to  three  feet  in  thickness.    The  lowest 

of  the  deepest  workings,  was  a  white  rock  of  a  cal- 

ure.     (G.  T.  vol.  4.  p.  2.) 

e  proceeds  due  south  by  the  city  of  York  to  Notting- 
^ing  the  vales  of  the  Ouse  and  the  Trent.  Through 
'  its  course,  it  has  a  pretty  uniform  breadth  of  from 
elvc  miles,  and  is  regularly  accompanied  on  the  west 
idant  magnesian  limestone.  Gypsum  occurs  plenti- 
i  isle  of  Axholme,  and  various  other  places  in  Not- 
re. A  considerable  district  occupied  entirely  by 
;ravel  occurs  in  the  latter  county,  between  the  marie 
sian  limestone.  Deposits  of  this  kind  extend  to  the 
00  or  300  yards,  and  are  often  consolidated  into  a 
ig-stone,  an  example  of  which  may  be  seen  in  the 
at  Nottingham.  Although  this  gravel  has  been  re- 
ome  writers  to  a  recent  alluvial  origin,  it  seems  more 
lat  it  is  a  form  of  the  conglomerate  rocks  so  generally 
upon  this  formation.  It  constitutes  tlie  prevailing 
oughout  Sherwood  forest.  (C.) 
outh-west  of  Nottingham  the  district  entered  by  the 
expands  into  that  vast  tract  of  nearly  level  country 
ipies  the  greater  part  of  the  midland  counties.  But 
ceeding  to  the  general  description  of  this  central 
ill  be  more  convenient  first  to  trace  Uft  notiXi^rDL Wt^ 
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der,  where  the  red  marie  skirts  roiuid  the  soiatliem  \mfi/^  of  the 
Derbyshire  inouiitaius,  thence  pursvio^  the  course  of  th«t  far* 
oiation  to  the  north  i^long  the  westerii  base  of  the  sam^  c|i^B| 
^d  afterwards  retarning  to  the  central  plain  in  oar  progress  to 
the  south.     (C.) 

Pursuing  this  order,  we  shall  first  haTe  to   describe  the 
northern  border  of  the  great  central  plain  which  may  be  con* 
yenientiy  taken  as  the  tract  included  between  the  Trent  inil 
the  mountains  on  the  north  of  Asliborne  in  Derbyshire*    Tfaii 
tract  is  uniformly  occupied  with  strata  of  the  red  marie  forma- 
tion, with  the  exception  of  some  very  iacon$iderable  and  in- 
sulated patches  of  the  older  rocks,  which,  in  one  or  two  plaqfif 
emerge  from  beneath  tho  covering :  of  this  we  have  examples 
at  Wild  park  near  Brailsford,  eight  miles  north«vrest  froo 
Derby,  and  BirchWood  park  near  Boston,  four  miles  soutk- 
south-east  from  Ashborne,  where  the  older  variety  of  magiu^sifa 
limestone  associated  wiih  the  carboniferous  or  mountain  liipt" 
stone,  are  thus  thrown  up ;  and  in  a  line  between  the  tvo 
points,  coal-measures  have  been  proved  at  Spring  hall  near 
Edmaston  and  Darley  moor  near  Yeavely  in  Derbyshire.    To 
the  north-west  of  the  latter  place,  a  white  gravel  rock  hss 
also  been  found  not  far   from  the  banks  of  the   Dove  near 
Snelston,  &c.  which,  however,   very  possibly  belongs  to  tbe 
conglomerates  of  this  formation  ;  and,  with  these  exceptioos, 
the  whole  of  the  district  above  stated  is  occupied  by  stiata 
of  the  present  formation  (C),  among  which  are  visible  some 
fine-grained  micaceous  gritstone  beds,  of  considerabli^  thick- 
ness, which  occasionally  are  sandy,  as  at  Normaton,  south  oC 
Derby,  &r.     From    the  more  clayey  parts  of  this   stratum, 
bricks  and  tiles  are  made.     Occasionally  it  encloses  streaks, 
or  thin  beds,  of  light  blue  or  greenish  blue  earth,  or  marie. 
These  are  common  in  the  red  marie  of  Nottinghamshire. 

In  Derbyshire,  some  considerable  deposits  of  gypsum  have 
been  found  in  the  red  marie,  and  some  of  thtnn  are  worked  for 
that  mineral.  Chellaston  is  about  five  or  six  miles  south-east 
of  Derby,  and  it  appears  that  on  the  south-east  of  that  towa 
there  are  several  quarries  :  purt  of  Chellaston  hill  would  present 
a  naked  and  water-worn  rock  of  gypsum,  were  it  not  for  the 
alluvial  clay  that  covers  it.  Near  Alston,  also,  which  is  some- 
what further  on  the  south-east,  and  formerly  at  Ballin^^ton  hill 
near  Ambaston,  tliero  were  other  quarries :  gypsum  has  also 
been  seen  in  other  places.  It  should  seem  that  it  occurs  only 
in  particular  patches  or  nodules,  ^ihere  it  occasions  a  rise  or 
isolated  hill,  by  the  additional  thickness  which  it  gives  to  the 
stratum  of  marie  in  those  places ;  but  it  occasionally  forms  very 
thill  beds  or  layers^  wUvcVi  m>o\\\oX\\i\«s  are  finely  striated  trans- 
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^tntlj  to  the  strata.  The  priDcipal  demand  for  the  pure  white 
rypsam,  or  that  slightly  streaked  with  red,  is  hy  the  potters  in 
Staffordshire^  who  form  their  molds  of  the  plaster  of  Paris 
which  it  yields ;  but  some  particular  blocks  are  selected  for  the 
use  of  the  turner,  and  the  maker  of  alabaster  ornaments.  When 
nixed  with  blue  or  green  earth,  it  is  called  flooring-stone ; 
that  which  is  found  in  very  thin  beds,  is  used  for  the  building 
of  walls  and  other  common  purposes.     (F.  148,  &  seq.) 

Advancing  from  Derbyshire  into  Staff  or dshire^  we  still  find 
the  same  formation  occupying  the  low  district  between  the 
Tallies  of  the  rivers  Dove  and  Trent :  near  the  confluence  of 
these  streams,  gypsum  is  dug  in  many  places,  and  salt  springs 
abound  near  the  Trent,  particularly  at  Weston  near  Stafibrd, 
where  salt  works  have  been  established.     (C.) 

Near  the  head  of  the  western  branches  of  the  Trent,  the 
great  central  plain  of  the  red  marie  unites  with  that  occapying 
■early  the  whole  of  Cheshire^  the  southern  part  of  Lancaskhrej 
and  tlie  northern  part  of  Shropshircj  and  watered  by  the  Dee, 
the  Weaver,  and  the  Mersey.  The  vallies  of  these  three  rivers 
are  occupied  by  the  red  marie  formation,  and  the  central  valley, 
that  of  the  Weaver,  presents  throughout  its  course,  abundance 
of  falt-spriugs  containing  above  twenty-five  per  cent,  of  salt; 
gypsum  ui  also  plentiful.  At  North wich  in  this  vale,  an  ex- 
tensive deposit  of  solid  rock  salt  has  also  been  found,  consisting 
of  two  beds,  together  not  less  than  sixty  feet  in  thickness. 
These  beds  are  supposed  to  form  large  insulated  masses  of  this 
mineral,  extending  in  length  about  a  mile  and  a  half,  and  in 
bi^eadth  about  1300  yards.  There  are  other  deposits  of  this 
mineral  in  the  same  vallies,  but  of  less  importance  than  this.  (C. 
fram  Dr.  Holland's  paper  in  G.  T.  vol.  1.)  The  section  pre- 
sented by  the  worlungs  at  Northwich  is  as  follows. 


Section  of  the  Strata  wnk  through  to  the  second  Bed  of 
Rock  Salty  at  WUton  near  Northwich.    (G.  T.  V.l^p.  62.) 

feet.  inch. 

1.  Calcareous  marl ^15  — 

2.  Indurated  Red  Clay "  4  6 

3*  Indurated  blue  Clay  with  sand 7  — 

4*  Aigillaceons  marl 1  — 

5*  Indurated  blue  Clay * 1  -— 

0.  Red  Clay,  with  sulphate  of  lime  irregularly 

intersecting  it 4    — - 

7.  Indurated  brown  Clay,  with  grains  of  sulphate 

of  lime  interspersed • ••••    \    ~- 
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feet.  iocL 

8.  Indurated  brown  Clay  with  sulphate  of  lime, 

crystallized  iu  irregular  masses,  and  in  large 
proportion ,  ,  12    — 

9.  Indurated  blue  Clay,  laminated  with  sulphate 

of  lime 4     (^ 

10.  Argillaceous  marl 4    — 

11.  Indurated  browu  Clay,  laminated  with  sulphate 

of  lime 3    — 

12.  Indurated  blue  Clay,  with  laminae  of  sulphate 

of  lime 3    — 

13.  Indurated  red  and  blue  Clay 12    — 

14.  Indurated  brown  Clay,  with  sand  and  sulphate 

of  lime,  irregularly  interspersed  through  it. 
The  fresh  water  (360  gallons  per  minute) 
finds  its  way  through  holes  in  this  stratum, 
and  has  its  level  at  16  yards  fiom  the  surface  13    — 

1 5.  Argillaceous  marl 5    — 

16.  Indurated  blue  Clay  with  sand,  and  grains  of 

sulphate  of  lime 3     9 

17.  luduruted  brown  clay,  with  a  little  sulphate  of 

lime 15    — 

18.  Indurated  blue  Clay,  with  grains  of  sulphate  of 

lime 1  6 

19.  Indurated  brown  Clay,  with  sulphate  of  lime  .     7  — 

20.  The  6Fst  bod  of  Kock  Salt 75  — 

21.  Layers  of  indurated  Clay,  with  veins  of  rock 

salt  running  through  thorn 31      6 

230    0 

22.  The  second  bed  of  Rock  salt,  which  has  been 

sunk  into  105  to  108  foot. 
The  valley  of  the  Weaver  is  divided  from  that  of  the  Dee, 
by  a  low  ridge  of  hills,  including  Delamere  Forest,  the  crag 
on  which  Bierston  Castle  stands,  mid  the  Peckforton  hills; 
and  from  that  of  the  Mersey  by  a  similar  ridge  connected  with 
Alderley  edge,  in  the  Peckforton  hills  a  small  quantity  of 
copper  has  been  found,  and  at  Alderley  edge,*  ores  of  lead, 

•  At  Alderley  edge  in  Cheshire,  the  sandstone  of  this  deposit  contaiw 
grey  oxide  of  cohaltf  galena  and  yellow  copper  ore,  together  with  sulphate 
of  barytes.  In  different  parts  of  Shropshire,  as  at  Hawkestone,  Pvm  hill, 
&c.  it  is  tinged  by  copper.  Though  iron  abounds  in  this  formation  as  a 
colouring  matter,  it  contains  no  ari;ilIaceous  iion  stone,  nor  balls  of  iron 
stone,  nor  any  variety  of  workable  iron.     (G.  Notes  ) 

It  is  sometimes  slaty  and  micaceous,  sometimes  contains  pebbles  of  quarts 
and  a^ate.     (G.  NoiC8.'\ 

Sec  au account  oi  Mdede^  TLA^c^uxWqxlx^^^'VU^^N^.V^jVV,  (G.  Notes.) 
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.copper  and  cobalt,  and  masses  of  sulphate  of  barytes ;  bnt  it  Is 
probable  that  these  ridges  maj  not  belong  to  the  same  formation 
mB  the  red  marie  of  the  vallies,  but  nwy  consist  of  elevated 
purtioiis  of  some  of  the  older  sandstones.  This  is  a  point  which 
aft  IcMt  deserves  inquiry:  if  the  rocks  composing  them  are 
ftrand  to  be  thrown  np  at  a  considerable  elevation,  and  to 
possess  a  considerable  degree  of  consolidation,  this  suspicion 
would  receive  confirmatiou ;  but  if  on  the  other  hand  they  are 
liorixontally  stratified,  and  of  a  loose  texture,  it  would  be 
negatived :  the  same  remark  aUo  applies  to  Ilawkestone  and 
JPym  hill  in  Shropshire,  where  traces  of  copper  have  likewise 
been  found.  Besides  the  extensive  deposite  in  the*  valley  of 
the  Weaver,  Salt  springs  are  likewise  found  in  that  of  the 
Mersey,  and  to  the  south  near  Wellington  in  Shropshire.  (C«) 
The  sandslone  of  the  latter  country  is  thus  described.  It 
cdnsists  for  the  most  part  of  rather  fine  grains  of  quartz,  with 
m.  few  spangles  of  mica,  cemented  by  clay  and  oxide  of  iron. 
2t8  colour  is  generally  brownish  red,  and  it  has  but  little 
cohesion ;  on  which  account  large  tracts  of  loose  deep  sand  are 
found  in  many  parts  of  it.  Sometimes  it  occurs  nearly  of  a 
cream  colonr,  and  is  then  su£Bciently  hard  to  form  an  excellent 
l>uilding  stone :  it  does  not  effervesce  wilh  acids,  and  no  shells 
or  other  organic  remains  have  been  found  in  it.  In  some 
places,  the  loose  sand  on  its  surface  contains  rolled  stones  of 
quarts,  granite,  and  porphyry,  which  also  arc  dispersed  over  its 
aurface,  though  they  arc  rarely  if  ever  observed  at  any  con- 
aidenble  depth  in  the  solid  rock.     (G.  T.  vi.  p.  10^) 

The  red  marie  district  continues  to  range  in  a  northerly 
direction  from  the  north-west  corner  of  the  Cheshire  plain, 
aklrting  the  western  coast  of  Lancashire j  where  a  red  sandstone 
occurs  In  many  places;  and  thus  continues  to  line  the  western 
baiie  of  the  great  mountain  chain  so  often  mentioned:  this 
district  is  erroneously  coloured  by  Smith  as  old  red  sandstone  ? 
la  the  peninsula  of  Fumess,  the  red  marie  is  seen  thus  reposing 
against  the  foot  of  the  Cumberland  branch  of  those  mountains ; 
and  to  the  north  of  this,  it  may  be  observed  in  a  similar 
sitoation  near  Whitehaven  in  Cumbciland,  where  a  very  satis- 
lactory  section  is  presented ;  the  magnesian  limestMo  subor- 
dinate the  red  marie  formation  being  there  seen  reposing  on 
the  coal  formation,  and  covered  by  the  marie  beds  containing 
^psnm*     (C.) 

Further  north,  the  same  formation  may  be  seen  occupying 
the  coasts  of  the  Solway  Firth,  and  the  great  plain  through 
jrhich  the  river  Eden  flows,  and  which  here  forms  a  kind 
4>f  bay  of  low  country,  separating  the  Cumberland  group  of 
pMMiatains  from  the  prolongation  of  the  cenlraX  C;V\i\\\V>^  Ciokai 


l^eU,  kc.    Gypsum  li  ftbvAdaat  In  tM#  fndi  iMMf  tl»  Ml 
inftrle  extends  ioto  the  toath  of  Dimfttabkd*    (&) 

RHamlng  to  the  great  plaift  in  the  ceotrt  tfr  E^gttaiif  iM 
here  find  t  tract  of  about  eighty  talM  hi  lebgfh  mA  ii^ll 
breadth,  principally  oceopicd  by  thi»  (bndntion ;  wfe^l  fahdl 
of  the  older  rochs,  howeter,  rising  in  tkrioni  places  thiMgM^ 
At  described  in  the  beginniog  of  this  article.  These  wtt  M 
the  rieoite,  greenstone,  and  slate  distriet  of  Chanswood  fbftt 
In  Lricestersliire ;  Sdly ,  the  coal  district  snrronndlag  AAb/  k 
la^Zoach  in  the  same  County,  connected  with  which  ar^  sOMrti 
patches  of  the  older  or  carboniferous  Tarlety  of  insgiif^hi 
limestone,  and  a  patch  of  millstone  grit  at  Stanton  bridge  is 
the  Trent,  (see  pi.  9.  fig.  2) ;  3dly,  the  coaUfield  of  Warwick* 
shire ;  4tlily,  the  Coal-field  in  the  sooth  of  SUflbrdshire,  iHII 
tbe  transition  limestone  on  which  it  reposes;  5thly,  die  Mm 
end  northern  range  of  the  lickey  hill  neaf  Brottisgnife  ll 
Worcesterskhre^  which  exhibits  elevated  stiata  of  qoaflMii 
sandstone,  probably  transition  quartz  rock;  and  lisis  netrX 
some  small  patches  of  transition  limestone  and  rock« 

The  salt  works  of  Droitwich  in  the  latter  county  are  sitattirf 
in  the  south-west  portion  of  this  great  marly  plain*     (C) 

The  prevailing  rock  around  Droitwitch  is  a  fine 
calcareo-agillaceoos  sandstone,  of  a  brownish  red  colour,  witt 
occasional  patches  and  spots  which  are  greenish  blue.  At 
Doder  hill,  where  a  vertical  section  of  it  is  exposed,  it  coiitiiss 
beds  of  a  greenish  grey  colour,  and  of  a  more  indurated  textare^ 
but  which  do  not  appear  to  differ  materially  in  comporftise 
from  the  red  sandstone.  These  contain  slender  Telns  of 
crystallized  gypsum,  the  forms  of  which  are  tery  distinct  where 
the  widening  of  the  vein  has  produced  small  cavities.  (G.  T. 
V.  ii.  p.  95.)  fiut  around  Worcester  it  sometimes  reseoiblfll 
mere  marie,  with  occasional  patches  of  a  blue  or  of  a  gKca 
colour ;  sometimes  a  fine  sandstone  and  sometimes  a  breeds. 
(R.  110.)  In  various  parts  of  Worcestershire,  there  trs 
alternations  of  this  marie  with  small  and  large  grained  gritstsnes. 
(K.  109.)  In  one  of  the  pits,  the  strata  sunk  tbnnigh,  weie, 
mould  3  feet,  marie  95  feet,  gypsum  40  feet,  A  river  of  hM 
33  inclMliJI  gypsum  75  feet,  a  rock  of  salt  bored  into  cmly  fiv^ 
feet,  bnt  probably  extending  much  deeper.     (6.  T.) 

Hence,  the  red  marie  extends  southwards  down  the  valley 
of  the  Severn,  abutting  against  the  elevated  escarpment  of  thi 
sienitic  chain  of  Malvern.     (C.) 

The  course  of  the  red  marle^  near  the  flftstuarj  of  Ae  Severn 
in  Gloucestershire,  Somersetshire,  Monmouthshire,  and  Ols^ 
morganshlre,  has  already  been  sufficiently  indicated  in  tiadrift 
that  of  the  lias,  which  \t  \\«t<&  tc^VanVs  %K,cw^nies,  seldoitt 
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tending  to  anj  considerable  distance  beyond  it,  and  as  it 
II  be  requisite  to  reyert  to  the  same  district  in  describing  the 
ignesian  limestone,  it  is  only  necessary  here  to  add  the  foU 
iHng  particulars.     (C.) 

In  some  places  near  Bristol^  the  lower  part  of  the  sandstone 
this  formation,  which  there  ovorlies  the  Gloucestershire  and 
tmerseishire  coal-field,  alternates  with  layers  of  a  blue  or 
«enish  colour. 

The  red  clay  belonging  to  this  formation,  contains,  in  the 
Mghbourhood  of  Bristol,  a  small  quantity  of  sulphate  of  bary- 
8,  and  abounds  with  sulphate  of  strontian  in  the  form  of  veins 
id  even  large  beds,  and  as  usual  containing  gypsum.  (G.  T. 
»l.  iv.  p.  214.) 

On  the  top  of  the  limestone  strata  forming  the  clifTs  on  each 
le  of  the  Avon,  lies  a  yellowish  sandstone,  which  has  some« 
aea  the  appearance  of  a  breccia.  In  its  fissure  are  found 
ysCals  of  carbonate  of  lime  and  of  sulphate  of  strontian,  the 
tter  often  in  a  radiated  form,  and  sometimes  in  balls  weigh- 
g  many  pounds.  At  Redland  this  stone  is  covered  by  the 
U  limestone  In  horizontal  strata,  containing  ammonites,  gry- 
iltes  and  anomiae  in  abundance.  (G.  T.  vol.  iv.  p.  196.) 
On  the  west  of  the  exterior  ridges  of  this  coal-field,  the  red 
trie  is  beautifully  displayed  at  Aust  cliff  on  the  Severn, 
here  it  contains  large  intcrstratified  masses  of  gypsum,  and  is 
lo  traversed  by  veins  of  sulphate  of  strontian :  this  cliff  is 
Lpped  by  lias.     (C.) 

On  the  Welsh  side  of  the  Bristol  channel,  gypsum  occurs  in 
is  formation  in  the  clifts  of  the  Glamorganshire  from  Pennarth 
Ldivemock,  and  geodes  filled  with  crystals  of  sulphate  of 
rontian  occur  in  the  island  of  Barry  ;  the  conglomerates  asso- 
ited  With  this  rock  prevail  near  Jjindaff  and  in  the  vale  of 
eEly.    (C.) 

In  the  south  of  Somersetshire  this  formation  is  seen  resting 
1  one  side  against  the  Mendip  hills,  and  on  the  other  against 
e  grey  wack^  chains  of  Quantock  and  Brandon  (being  covered 
'  lias  in  the  intermediate  tract) ;  gypsum  occurs  plentifully 
it  near  Somerton,  as  also  in  the  cliffs  of  Watchett,  which  are 
iversed  by  it  in  every  direction.  In  this  neighbourhood 
tensive  beds  of  conglomerate,  apparently  associated  witli  this 
nnation,  occur,  surrounding  the  hills  of  greywacke.  (C.) 
Iiese  conglomerates  and  sandstones  assume  very  various  ap- 
arances,  but  under  every  fofm  of  aggregation  the  same  mate- 
lit  may  be  traced.  Where  the  component  parts  are  large,  as 
the  conglomerates,  the  nodules  consist  of  some  varieties  of 
e  Tocks  that  compose  the  greywack6  formation;  in  many 
acet  there  are  nodules  of  a  limestone  very  smWav  Vo  >Xv^X  ^1 
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the  beds  enclosed  m  the  grejrwacke)  and  which  therefore  an 
considered  as  iubordinaie  to  that  formation.  The  coigknientit 
and  sandstones  are  found  in  all  the  intervening  valiies,  and  the 
great  valley  on  the  western  side  of  the  Qaantock  hills  js  whoilj 
composed  of  them.  They  are  not  however  confined  to  the  fil* 
lieS)  but  are  sometimes  found  on  the  sides  of  the  hills,  it  i 
very  considerable  elevation ;  (G.  T.  vol.  iii.  p.  356)  and  efia 
so  high  as  near  the  summit  of  the  Quantock  range^  when 
rounded  fragments  of  greywacke,  cemented  by  a  deep  redciij^ 
form  a  mass  of  extreme  hardness. 

By  this  description  of  these  deposites  it  appears  that  tli«j 
have  both,  in  this  neighbourhood,  resulted  from  the  ruin  of  the 
greywacke  formation,  since  they  not  only  enclose  frmmentitf 
it,  but  also  of  the  limestone  imbedded  in  it,  and  the  fragmmtf 
are  sometimes  rounded.  In  some  places  the  quantity  of  cal- 
careous nodules  in  the  conglomerate  is  so  great  that  it  is  qoankl 
for  the  purpose  of  obtaining  lime  from  it,  as  near  the  village  cf 
Alcombe,  at  the  foot  of  one  of  the  lateral  branches  of  GnbUit 
hill,  and  atTorr,  Tor  Weston,  and  Yellow,  where  by  theqiutf-  t 
riers  it  is  termed  Popple  (pebble  ?)  rock.  In  other  places,  it  t 
is  almost  entirely  siliceous.  In  another,  it  contained  the  greet 
carbonate  and  sulphuret  of  copper.  The  sandstone,  at  least, 
may  be  considered  as  a  member  of  the  numerous  series  of  rocki  > 
constituting  what  is  commonly  called  the  red  marie,  sometime 
the  red  rock.  Near  Timberscombe  the  conglomerate  is  coTerc^ 
by  a  friable  and  marly  sandstone.  The  rich  vale  of  Taumoo 
Dean  is  believed  to  consist  of  rocks  of  this  description.  (G.X 
vol.  iii.  p.  359.) 

From  the  vale  of  Taunton  in  the  south  of  Somersetshire,  the 
principal  mass  of  the  red  marie,  sandstone  and  conglomerate, 
(after  detaching  that  long  narrow  tongue  of  these  formations,  ^ 
which,  as  has  been  observed,  runs  in  between  the  chains  of  i> 
Quantock  and  Exnioor,  and  advances  westwards  among  the 
grauwacke  hills  almost  as  far  as  Porlock)  proceeds  south  ioto 
Devonshire,  its  line  of  junction  with  the  transition  chains 
ranging  a  little  west  of  the  river  Tone,  and  afterwards  nearlj 
following  the  Exe  and  ranging  between  it  and  the  Culm  as  far 
as  Silvcrton  (about  five  miles  north  of  Exeter).  There  is, 
however,  an  insulated  and  outlying  groupe  of  transition  hilU 
within  this  tract,  surrounding  Collumpton  both  on  the  north 
and  south.  From  Silverton,  a  long  tongue  of  this  formation 
runs  in  westwards  among  the  transition  hills  along  the  valley 
of  Crediton,  whence  the  junction  trends  round  by  Upton  Pine 
and  Pinhoe  to  Exeter,  proceeding  thence  with  a  nearly  uniform 
southern  course  by  Chudlcigh  and  the  river  Tcigu  to  the  chan- 
nel at  the  &otttVi->N(iSt  ^w^V^  oC  Torbay,  wiiere.it  ends;  that 
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Ki  of  it  which  ranges  between  the  river  Tdgn  and  Torbaj 
indeed  only  a  tongue  of  this  formation  Ijing  among  the 
i.on  formations,  since  at  Babicombe  and  the  northern 
»f  Torbaj,  insuUited  groupes  of  transition  limestone  skirt 
^he  east,  as  does  the  great  transition  district  on  the  west. 
rTeenough's  map  has  however  given  rather  too  great  an 
Kion  to  these  eastern  groupes,  aud  made  them  cut  off  the 
9rle  of  the  middle  of  Torbay  from  the  main  tract  of  the 
^ion,  with  which  we  have  however  been  assured  that  it  Is 
luous.     (C.) 

^  formatrons  of  red  marie,  sandstone  and  conglomerate, 
onallj  associated  with  amjgdaloidal  trap,  occupy  a  great 
*f  East  Devon  between  the  line  of  junction  just  described 
be  overlying  platform  of  green-sand  which  crowns  the 
I  proceeding  from  Blackdown  hill,  and  forms  their  eastern 
lary.  The  red  marie  has  also  a  corresponding  cap  of  over* 
green*sand  along  Haldon  hill  on  the  west  of  Elzeter, 
1  advances  within  two  miles  of  the  granitic  ranges  of 
noor,  so  that  some  of  the  most  ancient  and  modem  for- 
mi  are  here  brought  into  close  vicinity.  As  this  district 
leen  more  fully  and  carefully  examined  than  any  other 
>ied  by  this  formation,  and  presents  more  important  and 
isting  varieties  than  are  usually  to  be  found  in  it,  we  shall 
Ing  the  following  particulars  collected  from  various  sources. 

ar  HOniton  in  Devonshire  is  a  red  sandstone  having  an 
D-ferruginous  cement ;  it  is  in  the  state  of  a  coarse-grained 
I  almost  entirely  disintegrated.  It  contains  rounded  peb- 
which  are  two  or  three  inches  in  diameter :  it  then  ap- 
lies  to  a  conglomerate  pudding-stone,  but  near  Exeter  it 
ei  the  character  of  an  arenaceous  sandstone,  and  becomes 
compact  and  uniform  in  its  texture  and  composition.  This 
ymente  is  in  nearly  horizontal  strata,  which  probably 
d  eastward  below  the  chalk,  while  in  other  directions 
ie  upon  grey  wack6  ;  as  for  instance,  on  a  hill  consisting 
t  rock,  north  of  Exeter,  and  overlooking  the  town,  and 
er  places  north  and  north-east  of  Exeter.  On  the  south 
outh-west  of  that  place,  these  sandstones  and  conglo* 
es  form  the  surface  of  the  country  for  several  miles  to- 
Ivy  bridge,  near  ^hich  also  is  found  slaty  and  compact 
acke.  It  is  however  clear  that  the  clifTs'  at  Budleigh 
ton  near  Teignmonth  in  Devonshire,  which  are  of  con* 
ble  height,  aud  those  also  of  Teignmouth  itself,  though 
ting  in  part  of  conglomerate,  belong  to  the  red  marie 
wer  red  sandstone,  since  they  contain  gypsum,  which 
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forms  a  pripcipal  characteristic  of  that  rock.     (G.  T.  tdI.  i. 
p.  98  &  seq.) 

The  nature  of  the  conglomerate  belonging  to  thii  formatMi 
around  Exeter,  is  best  seen  by  the  openings  or  quarries  io  itt 
neighbourhood.  That  of  Heavitree  is  situated  about  a  mile  sad 
a  half  from  Exeter  on  the  road  to  Honltou.     It  is  worked  to 
the  extent  of  a  quarter  of  a  mile  in  lengthy  and  to  the  depth  tf 
about  100  feet,  in  a  plane  intersecting  that  of  the  strata.    IV 
rock  of  this  quarry,  is  a -conglomerate  evidently  stratified;  the 
strata  are  from  six  to  eight  feet  in  thickness,  and  dip  soath4Sit 
at  an  angle  of  about  15  degrees.   As  long  as  this  rock -present 
the  character  of  conglomerate,  it  is  compact  and  tenadoo; 
and,  according  to  the  workmen  employed  in  the  quarry,  it 
hardens  more  and  more  by  exposure  to  the  air.     But  as  sooi^ss 
the  nature  of  the  stratum  changes  to  an  arenaceous  sandstone, 
it  b  tender  and  friable.     It  is  very  common  to  see  blocks  of  it 
in  this  last  state,  and  sometimes  of  a  great  size,  included  ia 
the  middle  of  the  conglomerate.     The  cement  of  this  rock  is 
argillo-ferruginous ;   and  by  itself  does  not   effervesce  vidi 
acids,  as  it  is  easy  to  prove  by  making  use  of  pieces  of  the  port 
sandstone  for  that  purpose;  but  it  produces  so  brisk  an  dftr- 
vescence  from  the  intimate  mixture  of  calcareous  particles,  that 
it  miffht  be  very  easily  mistaken  for  limestone.   The  substances 
which  enter  into  the  composition  of  this  conglomerate  are  nu- 
merous ;  and  it  may  first  be  remarked,  that  these  pieces  are  of 
very  difierent  sizes  and  forms,  sometimes  rolled  and  rounded, 
sometimes  pointed  with  sharp  angles,  from  very  minute  grsim 
to  the  size  of  several  inches  in  diameter.    There  are  found  in  it 
rhomboidal  crystals  of  calcareous  spar  and  crystals  of  felspar, 
mo6t  frequently  of  an  opake  white  and  decomposed ;  pieces  cjf 
chert ;  grey  wacke  ;  yellowish  limestone  ;    rolled  masses  of  a 
species  of  porphyry  somewhat  resembling  the  antique,  the  base 
of  which  is  a  reddish  brown  colour,  not  effervescing  with  acidsy 
and  containing  numerous^  small,  and  well  defined  crystals  of 
felspar  imbedded  in  it ;  pieqcs  of  a  rock  which  is  itself  con^ 
pounded,  having  the  appearance  of  a  porphyry,  the  base  earthy 
and  including  small  grains  of  quartz,  crystals  of  felspar,  and 
pieces  of  bluish  carbonate  of  lime ;  and  a  whitish  tender  steii> 
tite  in  small  angular  fragments.     (G  .T.  vol.  1.) 

While  speaking  of  the  neighbourhood  of  Exeter,  we  ought, 
if  adhering  closely  to  the  principle  of  pursuing  the  geographicsl 
course  of  these  formations,  to  notice  the  masses  of  amygdaJkudal 
trap  which  occur  in  that  vicinity ;  but  wishing  to  reserve  tbe 
consideration  of  this  very  interesting  circumstance  for  tbe  close 
of  this  article,  we  proceed  at  once  to  the  coasty  a  mode  of 
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^^S^meot  whick  will  enable  ns  to  keep  tOff^hef  the  con* 
'^tioa  of  the  cooglomerates  of  this  district.  (C.) 
^the  cliffs  about  half  waj  between  Sidmouth  and  Seaton 
denshire,  the  red  marie  contains  gypsum,  Tery  much  re* 
'Uing  the  mineral  called  mountain  leather ;  nor  was  it  diffi- 
^  to  trace  on  the  spot,  the  gradual  transition  of  the  trans* 
cat  crystalline  gypsum  into  this  amianthiform  state.  (K.  106.) 
B  red  cliffs  of  fiudleigh  Salterton  near  Teigumouth,  which 
of  considerable  height,  and  those  also  of  Teignmouth  itself, 
sist  of  alternations  of  argillaceous  beds  of  sandstone  and  of 
rcia  (conglomerate)  and  the  red  strata  on  the  opposite  sidc« 
r  Powderham,  afe  alternately  soft  and  stony,  but  alway> 
rmixed  more  or  less  with  strata  of  breccia ;  and  they  arc 
tned  in  Tarious  directions.     (K.  109.)  * 

The  Rev.  J.  J.  Conybeare  has  given  in  the  Aonab  of  Philosophy  for 
1  18S1,  a  fuller  description  of  the  range  of  strau  from  Dawluh  to 
nmouth;  as  it  contains  a  more  precise  examination  of  the  rolled 
ss  of  various  rocks  included  in  the  breccia  of  this  formation  than  any 
znt  hitherto  published,  we  have  subjoined  it  nearly  entire, 
these  strata  the  rock  exhibits  itself  under  the  several  characters  of  a 
(tone,  either  loosely  compacted*  or  altogether  pulverulent ;  a  marie, 
>  or  less  indurated :  and  a  breccia  composed  of  fragments  of  various 
Near  to  Dawlish,  the  sandy^  form  is  more  frequent,  towards  Teign- 
h  the  breccia,  the  base  of  which  is  usually  marie,  of  an  unctuous  and 
aceous  character.  The  marie  has  frequently  those  patches  of  white 
lurple,  which  have  been  often  noticed  as  characteristic.  The  mineral 
mis  of  the  rock  seem  to  be  few.  (UUaniu  tfuar  occurs  in  small 
les  a  little  south  of  Dawlish.  Gffuum  I  could  not  detect  either  here 
ider  the  elevated  plains  of  Haldon.  On  Blackdown,  however,  1  have 
1  it  in  bmall  nodules.  A  sand  sufficiently  charged  with,  and  indurated 
OD,  to  be  termed  iromtofu^  traverses  in  all  directions,  the  cliff  to  the 
I  of  Dawliih  (see  Deluc,  vol.  ii.  p.  85),  and  the  emrtky  hnv/m  •xUe  •/ 
yute  is  found  in  numerous  and  small  cavities  nearly  through  the  whole 
p  of  the  coast.  In  one  instance  1  detected  a  small  portion  of  the 
:  oxide  of  cobalr,  precisely  resembling  that  found  at  Alderley  edffi* 
«hire)  in  the  same  strata.*    But  the  most  remarkable  feature  in  the 

appears  to  be  the  variety  of  substances  contained  in  its  brecciated 

Deluc  has  mentioned  two  only  of  these,  the  limestone  and  grcjr- 

.£,   though  he  insinuates  that  there  are  others,  and  appears  (it  1 

ly  understand  the  paragraph)  to  apprehend  that  of  these  the  4ime- 

only  can  be  traced  to  any  neighbouring  rock,  an  opinion  which,  in 
ill  extent,  seems  untenable.  The  following  catalogue  presents  a 
ably  faithful  description  of  the  fragments  occurring  in  the  breccia 
awlish  and  Teignmouth,  with  the  addition  of  some  few  from  other 
:ers. 

anitii  and  Pwjkkyrith  Rtth.^'Thut  form  a  very  considerable  portion 
te  imbedded  fragments.    A 1.  A  minute  aggregation  of  pale  rcddisli« 

[  am  indebted  to  the  Kev.  the  Dean  of  Bristol  for  an  addition  to  this 

ym  catalogue.    That  gentleman  has  had  the  kindnew  to  forward  me 

specimens  of  chalcedony,  which  he  discovered  in  this  rock  not  far 

Torcjuay.    It  is  coarse,  and  appears  under  the  form  of  spherical 

les,  either  hollow  or  investing  portions  of  the  maitlc  lUtM. 


294  Book  II.    Chap.  IV. 

AmygdaMdal  tre^  qf  the  vidniiif  ofExtitr.    Akmg  a  finf 
of  from  five  miles  north  to  five  miles  soath  of  Exeter,  may 

brown  crystalline  felspar,  quarts,  and  common  schorl.  A  9.  Same  wtt 
felspar,  somewhat  darker,  and  more  crystalline.  A  S.  Same  mixture,  viik 
lighter-coloured  felspar,  and  the  schorl  distributed  in  small  contemponp 
neous  veins,  as  well  as  intermixed  in  the  miss.  B.  Felspar  same  as  A 
nodules  of  quartz,  and  minute  portions,  apparently  crystalline,  of  dUMf 
Structure  semiporpliyritic.  C  1.  Minute  aggregate  of  earthy  felspsr,  tf 
a  pale  dirty-red,  quartz,  and  chlorit.  C  Si.  Same  with  the  felspar,  k* 
earthy,  and  of  a  deeper  red.  D.  Porphyritic  base,  of  a  purplish'^wUtl 
apparently  a  minute  aggregation  of  earthv  felspar  and  quartz,  imbedded 
quartz  in  small  nodules,  and  some  crystalnnc  felspar  (semivitreons  )  Dl 
The  same  with  the  quartz  so  much  predominant  in  its  bate  at  to  give  it, 
at  first  sight,  the  aspect  of  a  sandstone,  or  greywacke.t  D5.  SamewiA 
imbedded  semivitreous  felspar,  and  common  felspar  in  various  stages^ 
decomposition  (from  the  bed  of  the  river  £xe).  D  4.  Base  more  felspatUc, 
and  of  a  deeper  purple,  much  disintegrated,  with  the  exception  of  Ae 
semivitreous  felspar.  Many  cavities  filled  with  earthy  felspar.  D5  Pw* 
phyrv,  ba^e  compact  felsiur,  of  a  i^'eyish-white,  havinp^  imbedded  sml 
nodules  of  quartz,  and  penetrated  bv  numerous  cavities,  apparenrlykft 
by  the  disintegration  of  crystals  of  felspar,  and  the  loss  of  the  puwderr 
ttiattcr  so  produced.  (This  remarkable  character  I  have  observed  in  more 
than  one  porphyry  fruni  Cornwall.)  £.  Base,  a  minute  aggre^<it)00  of 
earthy  felspar,  quartz,  and  chlorit,  coloured  j^recn  by  the  latter,  imbedded 
minute  cry!ita!!>  of  flcbl)-c(>l()urcd  fels])ar,  and  small  nodules  of  cjuartz. 
(De&ccnt  of  Haldon  on  the  eastern  &:dc.)  All  these  occur  in  various  ftigo 
of  disintegration.  Those  porphyries  approaching  the  nearest  in  colour  W 
the  marie  which  surrounds  them  are,  when  far  advanced  in  this  state,  lUX 
readily  distinguishable  from  that  substance,  the  outline  of  the  origiod 
fragment  being  so  broken  down  and  lust,  that  it  appears  to  pass  imennbij 
into  the  imbedding  mass.  Hence,  perhaps,  some  geologists,  of  no  iacoo- 
tldcrable  authority,  have  been  induced  to  suspect  that  these,  and,  by 
consequence,  the  other  fragments  imbedded  in  the  red  marie,  were  of  i 
formation  contemporaneous  with  it<e1f.t  A  minute  and  accurate  mspectioo 
of  the  coast  between  Dawli^h  and  Teignmouth  must,  however,  I  think, 
convince  us  of  the  truth  of  the  commoner,  or  at  least  earlier,  opinion 
which  regards  them  as  derived  from  the  breaking  up  of  the  inferior  strata. 
Other  fragments  imbedded  in  the  marie  are  greyvDachey  or  comfUit  tamdOm, 
¥  I.  Ctmfiact  greywacke^  of  a  dirtv-white,  much  ironnhot,  having  the  aspect 
of  a  sandstone  with  a  very  small  intermixture  of  argillaceous  matter  F.Si 
Com/kaet greywaeke^  quartz  more  predominant,  and  closely  aofgregated  iron- 
slkot  throughout  of  a  reddish-grey.  F  S.  Same^  of  a  greyish-black,  with 
contemporaneous  veins  of  white  quartz.  G  1.  Bimck  eomfiaet  silicetks  rttk^ 
ef  a  very  close  texture,  resembling  l^Jian  jUne  G  L*.  T.ha  same  intersected 
in  all  directions  by  small  veins  of  ra^ed  quartz,  so  as  nearly  to  resemble 
a  breccia,  occasional  cavities  filled  with  brown  manganese  ochre.  H.  Small 
fragments,  apparently  of  the  reddish  grty^vjck:  slate^  provinciaily  termed 
j/ihlut.  This  list  might  be  increa.scd  by  the  enumeration  of  some  more 
trifling  varieties  in  the  compact  greywacke.     CaUateut  r^cJk.    II.  Semi' 

+  It  is  distinguishable,  however,  by  its  fusing  readily  before  the  blow- 
pipe into  a  vitreous  globule.  On  breaking  too  the  larger  masses,  the 
interior  is  found  to  he  somewhat  more  fel.<pathic. 

\  See  Dr.  Kidd's  £»say,  p.  109.  I  have  every  reason  to  believe  that  ia 
tlii^  opinion  my  respected  friend  was  by  no  means  singular. 
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nta  occar  in  which  masses  of  this  reck  are  found  interposed 
Lwceo  the  beds  of  this  sandstone.     As  these  points  nearly 

ttaJluu  ItMuia/Uf  of  a  dirty-white,  without  organic  remain*.  (Near  the 
diand  termed  the  parson  and  clerk  }  12.  Sari  grey  limestone y  without 
^mc  remains,  near  Teignmouth.    13.  Same^  full  of  coralloids.     Same 

t  may  be  added,  that  insulated  fragments,  and  occasionally  crystals  of 
uTitreous  felspar  are  met  with  in  the  marly  beds.  A  pit  near  Exeter 
irded  me  an  interesting  specimen  of  three  macles  united  in  a  single 
>upe.  Generally  this  variety  of  felspar  seems  to  have  resisted  the  action 
those  causes  which  have  produced  the  disintegration  of  its  parent 

The  fragments  which  1  have  attempted  to  describe  are,  for  the  most 
t,  mixed  promiscuously  in  the  same  strata.  Occasionally  particular 
istances  predominate,  but  rarely,  or  never  (as  far  as  my  observation 
nt)  to  the  total  exclusion  of  all  others.  The  porphyritic  and  quartzose 
^mcnts  have  usually  tlicir  angles  but  slightly  rounded ;  in  some  cases, 
:  even  perceptibly  so.  The  calcareous  portions  have  generally  more 
appearance  of  being  worn  (as  v.'ould  from  their  softness  be  the  case) 
attrition.  These  facts,  added  to  the  consideration  that  the  porphyritic 
felapathic  portions  bear  no  resemblance  to  the  one  solid  rock  which 
>ears  to  be  subordinate  to  this  formation  (namely,  the  amy^aloid  of 
urverton}  will,  perhaps,  be  sufficient  to  establish  the  mechanical  origin 
Jie  breccia  in  question.  We  shall  then  have  to  inquire  whence  its  con- 
ts  might  be  derived. 

The  caUareout  fragment!  bear  a  resemblance  sufficiently  dose  to  the  lime- 
nes  of  Chudleigh  and  Babicomb.  A  limestone  more  abundant  in  coral- 
is  IS  found  yet  nearer  in  the  neighbourhood  of  Lindridge.  The  limestone 

0  of  Bickinetoo,  near  Ashburton,  contains  many  of  these  fossils.  The 
gments  of  me  greyivacke  class  may  readily  be  traced  to  the  rocks  of  that 
icies  which  lie  in  most  places  immediately  beneath  the  marlc,  and  with 
jch  indeed  the  transition  limestones  of  the  country  are  interstratified. 

the  granitit  and  porphifritu  fragments,  those  marked  A,  1,  2,  S,  have  all 
\  characters  of  a  rock  frequently  occurring  on  the  confines  of  the  Dart- 
or  granite,  and  not  unfrequently  intermixed  either  as  veins  or  irregular 
sses,  both  with  that  rock  and  with  the  neighbouring  schistus.  It  will 
found  thus  distributed  a  little  beyond  Bovey  Tracey.  I  have  met  with 
rregates  nearly  similar  at  the  junction  of  granite  and  schist  at  Ivy  Bridge, 

1  at  Buckland  in  the  Moor.  The  remaining  felspathic  fragments  I  hare 
le  hesitation  in  referring  to  that  class  of  rocks  which  arc  known  by  the 
ne  of  Elvaas,  and  found  in  numberless  instances  traversing  the  metal* 
rous  slate  of  Devon  and  Cornwall.  In  the  latter  country,  they  have 
n  more  frequently  observed,  both  from  the  greater  extent  of  those 
ions  of  the  Killas  which  are  offered  by  its  coasts,  and  rhogfirgnniLj 

!  magnitude  of  the  excavations  made  by  the  miner.  In  DierTOn  1  have 
iced  them  near  Tavistock,  near  Buckland  Monachorum,  and  in  tlie 
rse  as  the  West  Okement,  and  have  no  doubt  that  they  might  be 
^ted  in  various  other  (quarters,  especially  near  the  junctions  of  the 
nite  and  slate.  The  only  uistaiice  of  dissimilarity  which  I  have  observed 
he  occurence  in  some  cases  of  large  crystalline  masses  of  the  felspar, 
ich  I  have  termed  semivitreous,  and  stated  to  form  a  part  of  the  rocks 
rked  D  i,  2,  3,  4.  My  limited  collection  of  Elvans  does  not  affiird  any 
logons  specimen,  but  when  we  remember  that  n&irly  every  mine  ia 
'nwall  presents  one  or  more  varieties  of  this  rock,  and  how  endless  are 
minute  shades  of  difference  which  characterize  them,  it  will,  I  think, 
allowed  that  there  it  nothing  improbable  in  the  supposition  that  the 
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follow  tlie  janctioii  of  the  red  sandstone  aad  traB^tloii  distaidSi 
the  trap  must  occur  towards  the  lower  part  of  the  sanditowf 
series :  that  it  ii,  however,  associated  with  the  sandstone,  sad 
not,  as  might  have  been  supposed  from  this  circumstance,  will 
the  transition  series,  is  -said  to  be  distinctly  proved  by  dm 
instances  of  its  alternation  with  the  former.  The  points  akaf 
which  it  occurs  are,  proceeding  from  north  to  south,  1.  Nni 
the  mouth  of  the  tongue  of  red  marie  which,  as  has  beci 
observed,  penetrates  among  the  greywacke  chains  towsidi 
Crediton,  and  close  to  its  north  edge,  in  a  gnmpe  of  quarria 
lying  near  Killerton,  Silverton,  and  Thorverton.  9.  On  tki 
south  edge  of  the  same  tongue  of  red  marie  at  Upton  Pya^ 
Poltimore  and  Poucham.  3.  A  little  north-east  of  Exeter,  sao 
again  south-west  of  it  in  going  to  St.  Ides.  4.  Near  Dai* 
chidiock.     (C.) 

Dr.  Berger  gives  the  following  particulars  of  this  rock. 

At  Upton  Pyne,  a  village  five  miles  north  of  Exeter,  the 
same  conglomerate  as  that  found  at  Heavitree,  occurs  beneath 

whole  contents  of  this  breccia  have  been  furnished  by  the  inferior  rocbtf 
its  immediate  neighbourhood,  by  those,  perhaps,  whose  edges  arejct 
covered  by  it  at  a  depth  to  which  our  labours  and  investigations  have  Nt 
httle  chance  of  penetrating. 

You  will  scarcely  need  to  be  reminded  that  Mr.  Leonard  Homer  arrirtd 
at  a  like  conclusion  from  his  examination  of  the  rock  nuu-le  and  adjacctf 
strata  in  Somersctshire.§  It  struck  me  as  singular  that  among  the  fragmena 
which  fell  under  my  inspection  I  observed  no  traces  of  hornblende  roclE, 
or  greenstone,  althou^  the  latter  especially,  and  in  some  instances  snul' 
portions  of  the  former  are  to  be  found  on  the  borders  of  Dartmoor.    The* 
cliffs  of  Henoch  present  so  large  and  striking  a  specimen  of  greenstone  m. 
long  ago  to  have  attracted  notice,  and  the  town  of  Bovey  Tracey  stands 
on  a  ruck  of  the  same  nature. 

I  forbear  to  speculate  on  the  probability  that  the  whole  extent  of  the 
red  marie  W2»  produced  by  the  degradation  of  the  rocks  which  have  left 
their  fragments  still  imbedded  in  its  mass.  The  total  absence  of  drase 
organic  remains,  which  occur  so  abundantly  in  the  strata  immeifiately 
below  as  well  as  above,  and  the  general  want  of  consolidaticxn  in  its  varioos 
and  liCCeroeeneous  beds,  certainly  argue  that  its  formation  took  place  under 
different  ciicumstances,  and  by  a  dilFerent  process  from  that  of  the  sah* 
iacent  slate  and  limestone,  or  the  superincumbent  lias.  The  strata  at 
Dawlish  aA  not  everywhere  of  uniform  thickness;  they  dip  at  an  aoc||e 
hardly  exceeding  1 5"  to  squth-east  by  south.  On  this  coast  they  are  usuaUy 
capped  by  the  debris  of  the  green-sand  formation  which  covers  the  neigh- 
bouring neights  of  Haldon.  At  Dawlisli  these  debris  are  much  more 
plentiful  than  at  Teigomouth.  It  may  be  remarked,  that  while  they  cover 
so  large  a  space  towards  the  coast,  they  are  of  much  scarcer  occurrence 
on  the  plain  of  Bovey,  which  lies  under  the  oppo«ite  declivity  of  Haldon. 
Some,  however,  apparently  water-worn,  are  found  on  that  tract.  I  can- 
not conclude  without  expressing  a  wish  that  the  whole  extent  of  this 
formation  were  carefully  examined  by  some  abler  and  norc  insCracted 
observer.  __^_^^_^ 

i  bcc  Geological  Transactions,  vol.  iii. 
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illftceoQi  aaiidfttone  levend' feet  •  in  thickiieM.  The 
-ate  lies  <m  felspar  in  miss,  coiiteiiiing  a  few  lamiiue 
ous  spar  and  some  crystals  of  quarti,  forming  the 
nine  of  black  oiide  of  manganese  which  is  worked  to 

The  red  argillaceous  sandstone  occopies  the  surface 
mtry  from  Upton  Pyne  to  Thorverton,  where  there 
I  qaarrieS)  all  of  which  are  described  as  being  in  a 

amygdiUoidy  varying  in  nature  considerably  in  dif« 
;e8.  In  some  parts,  the  nodules  are  ^mall,.  and  very 
ited  in  clusters  in  the  base,  forming  nearly  a  homo* 
ass,  with  here  and  there  nodules  of  a  much  larger 
iie  rest,  imbedded  in  it.  In  other  places  the  nodides 
the  bigness  of  a  pea,  all  of  the  same  size,  and  consist 
idal  sparry  laminae*  There  are  other  places  where 
r  the  amygdaloid  has  the  appearance  of  a  sandstone^ 
.  small  number  of  calcareous  nodules  are  imbedded, 

externally  coloured  green  by  the  steatite,  jmd  ex»- 
nble  those  entering  into ^  the  composition  of  soqne  of 
aloids  of  Derbyshire,  and  of  the  Pentland  hills  near 
u  (G.  T.  vol.  L  p.  90  &  seq.) 
V.  J.  J.  Conybear^has  given  die  following  more  pre- 
alogical  description.  .  (Annals,  S^pt*  1831.) 
eral  aspect  is  that  of  la  granular  mass,  somewhat 
mpacted^  of  a  purplish-biown  colour,  more  or  less 
iven  most  probably  by  the  oxide  of  manganese  In 
abounds.)  In  this  paste  jare  imbedded,  or  rather 
I,  in  such  quantities  as  to  .form  a  very  considerable 
e  whole  mass,  minute  portions  of  calcareous  spar, 
Jilorite,  in  a  st^te  of  semi-di|integr^tion,.and  indur 

(lithomarge  ?),  sometimes  ting^  by  copper,  and 

by  manganese*  This  latter  substance,  as  well  m 
ipar,  frequently  traverses,  the  rock  jn  small  veinSf 
of  the  amygdaloidal  portions  are  fillied  or  lined  with 
le  of  manganese,  with  calc  spar  and  a  coarse  jasper, 
es  of  the  latter  are  not  remarkable  either  for  their 
laty.  The  character  of  the  rock  is  so  obsf^ired  by 
ant  admixture  of  substances  apparently  adventitious, 
er  it  very  difficult  to  pronounce  with  any  certainty 
sential  constituents.  These  we  should,  I  apprehend, 
lent  state  of  oar  knowledge,  assume  to  be  granular 
felspar,  and  one  or  more  of  the  following :  hom- 
iglte,  brouzite,  or  hyperstene,  probably  the  second 
My  specimens  do  not  afford  distinct  indications  of 
em.    The  rtiore  compact  portions  fuse  before  the 

sometimes  into  black  glass  more  or  less  slaggy, 
into  a  dkty •white  enamel  more  or  less  mixed  with 
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block  pttclies.  Tlie  criterion,  liiorefeMy  proposol  fcf  CMlM 
iMfO  fails  us.*  A  portion  of  the  rock  broken  faito  mM  IjB 
nents,  and  exposed  for  an  boor  to  the  beat  of  a  Bhdft<W 
naco,  gave  a  black  glass  nnicli  resembHag  tbat  imiiiind^ 
varioos  forms  of  the  dolomite  under  the  same  circamstaMMd» 

The  same  obscurity  which  is  attacbed  to  the  tttnersM^ 
character  of  this  rock  seems  to  ezteiid  In  some  msssaif  tslV 
felaticms  with  the  conglomerate  in  which  it  aecun.  la  nriV 
places  it  oorers,  and  in  others  is  covered  bj  sandstone.  Qif^ 
road  from  Killerton  to  SilTerton,  near  a  boose  occupied  tf 
the  year  1819)  by  Mrs.  Brown,  we  saw  it  resting  on  the  ii|V 
grained  conglomerate ;  and  at  one  of  the  Rndden  quarries,  aV 
Thonrerton,  eorered  by  a  sandstone  bed  of  from  three  Is  IV 
feet  in  thickness.  Its  line  of  separation  from  the  sandstoaw 
aometimes  tolerably  distinct.  In  one  quarry  at  ThoifeilNW 
Hue  of  sandy  clay,  not  qidte  a  foot  tiilck,  prerents  their  s^B 
contact.  At  other  places,  especially  at  ttie  Raddeu  quMV 
the  two  substances  appear  to  pass  so  insensibly  into  each  siB 
as  to  induce  for  the  moment  a  conjecture  that  both  were  ^V 
resalt  of  a  common  deposition,  modified  in  its  characters  bySB 
partial  intrusion  of  some  extraneous  matter.  This  phenomMt 
has  already  been  notied  by  Mr.  Greenough.  ^^  What  mineiUv 
gist,"  he  asks,  *^  can  draw  a  line  of  demarcation  between  dl 
red  marie  and  the  toadstone  at  Hearitree.'*  (Essay,  p.9l» 
Your  geological  readers  have  probably  already  anticMll 
that  a  Tulcanist  would  at  once  decide  that  the  whole  of  M 
amygdaloidal  beds  was  a  series  of  wkm-dykcB ;  while  oMi 
will  be  disposed  to  regard  them  as  concretions  or  depontiiM 
more  nearly  connected  and  .contemporaneous  with  the  ftMH 
which  envelope  them.  The  difficalty  would  probably  ^siiH 
before  a  more  accurate  investigation  of  their  character  tfl 
position,  which  I  beg  to  recommend  to  such  mineralogislin 
may  travel  westward.  j 

It  may  be  added  that  at  the  Raddeu  quarries  we  noticed  All 
occasional  tendency  of  this  rock  to  split  into  basal tiform  bslbu 
and  in  one  spot  observed  it  traversed  by  nearly  horizontal  vein 
of  its  own  substance,  differing  slightly  from  the  mass  by  tMfl 
greater  compactness,  and  the  largeness  of  the  nodules  wUdH 
they  contained.  The  veins  of  extraneous  matter  were  flMMtfj 
vertical,  or  at  a  very  high  angle.  i 

(e)  Height  of  HUis^  ^c.  Although  the  great  central  plA 
of  red  marie  gives  rise  to  several  tributary  streams  of  the  AfSS) 
flowing  towards  the  Bristol  Channel,  and  of  the  iTrent  floiH^ 

*  I  am  acquainted  with  the  ezperimenti  of  M.  Oordier  only  throifhds 
nptice  giten  oC  thna  in  lA.  l^oo)et*%  Qoolocye  de  Tficotea. 
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• 

mmiB  Hhm  Genmm  Ocean,  yet  it  is  ascertained  by  the  level , 
wvenl  cmmh  /lateiiing  this  district,  that  the  line  along 
ich  the  vaten  thus  divide  is  only  between  300  &  400  feet 
■M  the  level  of  the  sea.  A  similar  separation  of  water* 
■■es  takes  place  in  the  Cheshire  and  Shropshire  plain,  be- 
KB  the  Weaiver  flowing  to  the  Irish  Channel,  tribataries  of 
ft  Seven  and  tribataries  of  the  Trent;  but  the  elefation  of 
a  line  is  yet  less  considerable,  being  only  between  200  &  900. 
t;  the  high  ground  of  Ashley  heath,  situated  in  this  quarter, 
toever,  rises  to  the  height  of  803  feet :  but  the  genend  cha* 
Mttr  ^  the  districts  occupied  by  this  formation,  is  to  be  des* 
ale  of  any  considerable  eminences.  (C.) 
(/)  JTiieknesM.  The  thickness  of  this  formation  appears  to 
tBiy  variable.  In  Durham,  pits  have  been  sunk  in  it  in  the 
Mess  search  for  coal,  to  the  depth  of  708  feet  without  pe- 
hiting  below  the  beds  of  this  rock ;  while,  on  the  other 
fdy  at  Pncklechurch  in  Gloucestershire,  shafts  have  been 
ik  from  the  lias  beds  to  the  coal-measures,  and  passing  en* 
Aj  thraogh  this  formation,  which  was  thus  found  to  be  only 
I  iset  in  thickness. 

Uie  red  marie  between  Dariington  and  Yarm,  which  is  about 
allies  distant  from  it  a  little  on  the  south  of  east,  and  there- 
IS  Bear  its  junction  with  the  magoesian  lime,  is  at  least  130 
kons  thick.    (G.  Map.) 

Hear  Evesham  in  Worcestershire  the  red  marie  was  sunk 
pngh  600  feet  in  fruitless  search  for  coal*    (G.  Notes.) 
if)     InclkuUioh,    The  dip  of  the  beds  of  this  formation  is 
panHy  very  trifling,  and  in  a  direction  conformable  to  that 
^  lias,  and  other  superior  strata.    (C.) 
(A)     AgricuUural  character*    Throughout  its  cange  we  find 
Se  of  the  richest  land  in  England,  consisting  of  red  marie, 
ilch  is  every  where  most  fertile  for  wheat,  barley,  beans, 
IS,  and  is  equally  distinguished  for  the  goodness  of  its  cider.  • 
.  155.) 

Vbeat  produced  in  Exminster  parish  ivL  Devonshire,  id  said 
be  thinner  hulled,  and  to  afford  a  larger  proportion  of  white 
ur  than  any  other,  and  sells  higher.  Polwhele  says  that  in 
t  district,  and  around  Coiiumpton  and  Bradnich,  it  produces 
mg  crops  of  com,  but  is  more  profitable  when  kept  in  grass 
imllocks.  The  trefoil  springs  up  every  where  spontaneously, 
ronghout  these  districts  are  hills  or  downs  on  which  sheep' 
tuned.    (G.  Notes.) 

[ft  Is  a  remark  whidi  I  have  heard  from  several  experienced 
d»snrveyors,  that  the  best  tracts  of  land  which  they  have 
r  where  met  with  in  the  course  of  their  practice,  have  been 
>n  this  stratum :  and  I  think  I  shall  not  be  ni»6h  wide  tA 
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the  murk  in  saying,  that  the  be%t  land  which  I  M9  \a  orant 
Derbyshire,  wb&  on  the  red  mirle  about  Barton  Blount  and 
Ash,  Kolleston  Park  in  Staffordshire,  Sic.  [n  g.nrral,  hao- 
ever,  the  Derliyshire  rt>d  marie  i»  inclined  to  be  Ion  Ivnackiu 
and  cold,  and  in  some  parts  would  pay  amply  for  dnrnioj- 
Marliuil  was  very  CKtcnsively  practtied  upon  it  at  ■  former 
period,  as  the  larse  aocieot  pit«  testify ;  but  at  present  il  k 
practised  in  very  few  places.  (Farey's  Derbyshire  Surtey.) 
It  forins  a  good  manure  for  poorer  land.  (G.  Notes.) 
Most  of  the  Rye  grown  in  England  ia  growii  on  the  mort 
sandy  districts  of  thi?  sandltone  beds  of  this  sliatom,  whi(huf 
'to   bear  wheal.     (Rei.  W.  Buckiand.  G- 


not   strong 
Notes.) 

According  to  Robii 
of  the  saodslone  beds  i 
fem,  heath,  betit,  and 
of  the  HTcrs  which  traverse  il, 
burniog,  liming  rimI 


ou,  the  soil  produrt-d  by  the  out-cn? 

very  slerile  and  barrrn,  producing  onlf 

lean  hungry  grass,  excpt  liv  the  siilci 

where  its  naluri'  is  changed  ij 

ppiivj  probably  to  tie 


sandstone,  us  diatinguishi'd   from  the  marly  beds  of  this  tot- 
malion.     (G.  Notes.) 

(0  ffaler.  Il  is  necessary  to  sink  through  the  marleiof 
this  formation  into  its  sandstone  and  conglomerate  beds  to  pro- 
cure water.  'I  here  are,  besides  the  sail  springs  which  chartc- 
terize  it,  many  mineral  springs  in  its  course,  which  contiiD 
besides  sea  salt  other  purging  salts,  such  are  Ilarth-pool  (Dur- 
ham), Thirsk  and  Croft,  and  Knaresborongh  and  RippM 
(Votks),  Gainsborough  (I.incolu),  Moretou  (Shrops),  OirtM 
and  Thoroton  (Nottingham),  Leamington  and  NewuhamR^ 
(Warwick)j  Tenkesbury  (Gloucester),  &c. 


S^oni/me.     First  Floeli  Limestoni-  of  tt'emer.  ' 

Much  confusion  has  arisen  from  neglecting  to  diatiogii^ 
between  the  magnesian  limestone  associated  with  the  ltd 
marie,  and  the  older  rocks  of  similar  composition  aisocialed 
with  the  mountain  limestone.  Since  the  geological  n-latioDi 
and  geographical  position  of  these  rocksare  altogether  di&erMt, 
it  is  absolutely  necesaary  to  treat  of  them  separately  ;  thej  at 
likewise  distioguished  by  their  organic  renuini,  and  by  the 
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Ereqaent  •occurrence  of  extensife  beds  of  calcaraoot  coDglo- 

■etate  conoected  with  the  newer  inagnesian  limestone.  (&)* 

•    (a)  Chemical  and  external  Character^*      This  limestone 

DMitains  aboat  20  per  cent  of  magnesia,  and  prevails  conslder- 

iblj  in  England. 

'   Analysis  bj  Smithsoo  Tennant,  Elsq.  of  the  stone  of  York 

Minster. 

Carbonic  acid 47.00 

Lime 33.24 

Magnesia 19.30 

Iron  and  clay 0.40 


100. 
That  of  Westminster  hall  contains  about  2  per  cent,  less  of 
magnesia.  That  of  Denton  near  the  Tees,  consists,. according 
to  the  analysis  of  the  Rer.  J.  Holme,  about  the  same  propor- 
tkMi  of  the  Latter,  with  a  very  small  proportion  of  bitumen,  and 
Ib88  than  1  per  cent,  of  water.     (G.  Notes.) 

A  magnesian  lime  from  Eldon,  analysed  by  Sir  H.  Davy, 
yielded  Carbonate  of  lime  52,  Carbonate  of  magnesia  45.2, 
Iron  1.1,  Residuum  1 .7.  Another  from  Denton,  not  far  from 
the  Tees  in  Durham,  analysed  by  the  Rev.  J.  Holme,  yielded 
1 1.  per  cent,  more  carbonate  of  lime,  and  1 1  per  cent,  less  of 
carbonate  of  magnesia.     (G.  T.  vol.  4.  p.  7.) 

It  differs  from  commdn  limestone  in  external  character,  in 
having  generally  a  granular  sandy  structure,  a  glimmering 
lustre,  and  a  yellow  colour;  and  in  the  course  of  the  range 
from  Nottingham  northwards,  its  surface  in  many  places  is 
covered  by  a  poor  herbage,  uncommon  to  limestone,  and 
attributable  to  the  magnesia  it  contains,  which  is  known  to  be 
unfavourable  to  vegetation.  It  is  associated  with  a  conglomerate 
limestone.  This  conglomerate  often  exhibits  very  distinct  frag- 
ments of  the  oldest  mountain  limestone,  passing  gradually  from 
an  aggregate  compound  of  very  large  pebbles  of  this  rock,  to 
one  in  which  the  grains  are  so  small  as  scarcely  to  be  dis- 
tinguishable. 

In  a  quarry  at  Hartlepool  on  the  coast  of  Northumberland, 
is  a  stratum  of  hard  white  oolite,^  the  grains  composing  it  being 
al)out  the  size  of  a  mustard  seed. 

•  *  Though  the  quantity  of  magnesia  contained  has  been  coDtidered  as  in 
•ome  degree  cbaiacterisinB:  this  formation,  yet  it  is  a  character  which, 
taloen  ■iofHy,  cannot  be  relied  upon,  since  maraesia  in  considerable  quan- 
tity has  nkewise  been  found  in  some  of  the  chalk  of  France,  in  some  of  our 
own  oolites,  in  the  mountain  or  cartK>niferons  limestone,  in  that  associated 
with  transition  rocks,  and,  as  need  not  be  stated,  in  primitive  dokmice : 
we  have  not  however  ventured  to  change  a  name  j;eiierally  received*  (fi^\ 
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This  limestone  f>rten  forms  in  large  concrvtioiwl  and  bdtf^ 
oidal  masses ;  the  concretions  are  often  as  Urge  as  a  («nDM 
lutll,  and  somelimeS  grouprd  together  like  chain  shot.  Tbew 
concretions  ar«  dispersed  through  an  arenaceoas  form  of  stmiUr 
malerialii. 

Mr.  Smith  in  his  geological  map  of  Yorkshire  subdiridtt  tlte 
nugiieiiiBU  limestone,  or,  as  he  calls  it,  red-land  limestone,  thui; 
1.  A  hard  bluish  while  thin  bedded  stone  which  al 
Kinnersley,  Knottingly  and  Brotherston,  makes  the 
line  celebrated  for  agricultural  purposes. 
S.  Red  and  blue  da;  and  gypsum. 
J,  A  soft  jellowiiib  calcareous  freestone  or  ntagnesiu 
limestone. 

These  beds  are  separated  from  the  superior  red  marie,  bj 
a  llrick  cou glomerate. 

Mr.  Backlaud  has  obserteil  in  Yorkshire  beds  closely  resem- 
bli»g  the  Rauchwacke  or  cellular  limestone  of  the  contiaent, 
associated  with  magnesian  limestone.  See  farther  parlicalin 
in  the  local  account. 

The  following  more  detailed  particolars  relating  to 
eatcmal  characters  and  (economical  a|kplicatio»  of  the  beds 
CODStitnting  this  formation,  together  with  their  disposition  md 
wder  in  which  they  ocrur,  are  extracted  from  Dotes  kindll 
lent  to  the  F.ditor  by  Mr.  Greenough. 

Its  general  colour  is  buff,  but  it  also  occurs  while,  of  vaii 
iliaded  of  yellow,  also  of  fawn  and  salmon  colour;  occasionill; 
af  a  biowu  or  reddish  hue,  which  prevails  chiedy  near  the    i 
partings  (Farey)  where  it  is  often  dendritic.  1 

Its  texture  is  frequently  arenaceous,  but  Is  sometimei  com- 
posed  of  minute  rhombic  crystals,  and  is  occasionally  oolitic, 
(Mr.  ^^  ynch.)  It  is  often  carious,  the  cavities  being  soai«- 
tJDies  lin''d  with  calcareous  spar.  '  Between  Shields  lad 
Hartlepool  it  is  cjystalline  and  cellular,  from  which  CWK 
it  resibtM  the  stroke  of  ihe  linmrner ;  it  is  slaty  at  Baldon  hill, 
Xnrsdon  Rocks,  &c.  uear  Newcastle. 

The  limestone  of  Sunderland  is  flexible,  near  Hafenttcae, 
k  contains  Iteds  as  compact  as  the  Portland,  and  cf  the  mmt 
caJour. 

At  Ferrybridge  in  Yorkshire  it  is  fetid  ;  its  odoar  doet  Mt 
however  arise  from  the  presence  of  bitumen,  but  according  to 
Ur.  Aikin  from  sulphuretted  hydrogen. 

Large  masses  of  it  are  detached  by  the  agencj  of  fire.  Ib 
this  process  that  portion  of  the  gtoae  which  is  impregnated 
with  iron  becomes  brick-red.  Considerable  quantities  of  Utl 
UB  reqaired  to  bum  it  into  lime,  and  it  is  apt  occasiondly  Ifl 
liUif^.    Neat  Suniietland,  the  brown  is  genereUy  qnarried; 
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K  pMtikes  of  tile  aatnw  of  twiaestone,  md  fion  eimbammg 
■one  inflai— able  tabstance,  requires  col j  a  amall  qaantitj  oC 
coal  to  redoce  it  iato  liiae.  lliat  woiked  at  Daitoo,  wv 
foand  by  Mr.  Holaie  to  be  bitamiaoas. 

It  dissolTes  bIowIj  aad  leaves  a  oiilkj  appearaace  io  the 
Hqaid. 

The  lime  from  tlie  stone  of  Leigh  aad  Ardwick  has  die 
property  of  setting  onder  water,  and  was  used  for  the  tarrai 
ciBtera  of  the  late  Dmrj  Lane  Theatre. 

(Utes,)     It  is  eraplojed  as  a  boildiog  stone,  and  has  a 

Ceasing  tiat :  at  Broadworth  it  is  worked  into  cisterns,  and  at 
ingwith  in  Derbyshire  ioto  flooring  and  stair-cases.  It  is 
~nurely  anifonn  enoogh  in  its  grain,  or  of  snflicient  hardnem  to 
deserve  the  name  of  marble,  but  slabs  of  it  are  polished  at 
-Kaaresboroogh,  Sanderland,  &c  It  does  not  bam  to  a  white 
Hme,  bat  furnishes  a  strong  mortar;  that  of  Leigh  is  celebrated 
as  a  cement,  and  is  said  to  be  used,  when  mixed  with  bolhicks 
blood,  as  a  cement  for  mending  boilers  woui  by  use.  It  is  said 
that  if  a  damp  room  be  white- washed  with  it,  the  dampness 
will  be  cured.  At  Ferrybridge,  Mansfield,  &c.  it  is  barat  for 
aMBure,  bat  is  generally  considered  to  be  iojurioas  to  the  land, 
anless  used  in  very  moderate  quantities,  in  which  case  it  is 
esteemed  to  be  highly  beneficial. 

At  Pallion  near  Sunderland,  beds  of  a  dirty  light  brown 
eolonr  are  quarried  and  sold  as  marbles ;  they  take  a  tolerably 
good  polish. 

Over  the  magnesian  limestone  is  a  hard  stone  abounding  ia 
ehells  which  are  yery  imperfect :  it  is  red  on  the  surface,  hlae 
fatemally.  There  is  a  large  quarry  of  it  on  the  road  to  Pleasley 
.dose  to  the  turnpike  about  two  miles  and  a  half  from  Bolsorer 
in  Derbyshire. 

In  Yorkshire,  as  we  have  already  observed,  it  occurs  in  two 
beds  separated  by  variegated  marie  containing  gypsum. 

Near  Nottingham,  its  upper  beds  are  separated  by  partings 
-of  red  and  verdigris  coloured  day,  and  it  contains  quartz 
pebbles. 

At  Bolsover,  the  beds  are  separated  by  pipe-clay,  which  is 
.used  in  the  arts. 

The  lowest  beds  are  blue  limestone  containing  galena  and 
irlelding  excellent  lime,  and  are  quarried  at  Bolsover,  Ezoroft^ 
£hrlboroi%h,  Palterton  dnd  Houghton. 

Towards 'the  bottom  of  this  series  several  beds  of  compact 
lifaie  limestone  occur  imbedded  in  blue  clay  and  abounding  ia 
Momia'aiid  other  shells,  have  long  been  known  at  Slooey 
Houghton  near  Pleasley^  it  Fftlterton,  &c« 
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At  Whitlpj,  Dear  Allercoals  m  Northumberland,  the  lo««r 
beds  ollemate  with  Khale  or  slate  clay.  One  part  of  the  bd 
rests  upon  this  substaAce,  arotlicf  upon  one  of  the  stndilonn 
of  (he  coal  series;  it  is  ai;Bin  seen  covering  sAudstone  on  i lie 
side  of  the  river  under  Knar«sborough  Cattle. 

The  conglomerate  form  of  this  limestone  is  very  catenioai. 
Wokej  hole  in  Somersetshire,  which  fields  oiil;  to  the  cavfnii 
of  the  Derbyshire  peak  in  ex.lent,  is  entirely  situated  in  it.* 

(6)  Mineral  Contents.  In  the  conglomerate  bed«  aisociattd 
with  this  formation,  calamiue,  blende,  and  some  galena  btie 
occasionally  been  found,  particularly  near  the  Mendip  htlli; 
but  it  seems  probable  tliat  these  minerals  may  in  sotne  n 
stances  have  been  derived  from  the  detritus  of  the  oldtt 
Kietailifernus  strata  of  the  carboniferaua  or  mountain  limestsM 
of  that  neighbourhood.  Many  of  the  principal  minei  of  tbit 
district  are  howevi^r  entirely  seated  in  this  rock. 

Galena  is  also  meutioned  as  occurring  in  strings  in  the 
magnesian  limestone  of  Nottingham  and  Durham. 

Nodules  of  bxmutites  iron'Ore,  used  for  burnishing,  a 
imbedded  in  and  found  scattered  over  ihe  surface  of  the  under 
beds.  At  Bolsover  it  contains  pyrites.  (White  Watwo, 
G.  Notes.) 

*  A  very  ningular  fumutioa  of  thelly  chert  occurt  mting  upon,  ud 
perhapi  atlociaicd  wiih,  ihe  i:akareo-niagnnian  brccciu  covering-  ihendr 
■Dd  even  lop  of  Ihe  Mrndip  hills,  in  Ihe  pariihei  of  Eati  and  Wot  Harp- 
lice  1  the  man  abundaui  ihclls  are  n  M  udiola,  a  variety  of  Oiirea  prpau, 
a  prculiar  Pecccn  or  Lioia,  and  a  lunritudiniUy  itriiied  Tdliiubtn 
bivalve;  a  Plagiotioma  and  Ammonite  alio  occurt  but  the  whale  x 
art  found  h  ca>t>  ooly,  apd  frequently  very  obtcute.  The  chert  cone 
■ulphate  of  baryiei,  otten  iu  great  quanlitv,  and  lomeliam  auumei  a  i 
^omerate  form,  including  fragment)  uf  tbe  timealona  and  old  red  a 
Hone  of  the  adjacent  hitl>;  it  more  rarely  puicf,  by  the  intermiitur 
cahareuni  matter,  ioio  a  liliceoiu  lii1i(ttODC(  it  ii  awocialed  wt[h  b<diirf 
Dchreoui  sand. 

From  its  firit  appearance  it  might  be  luppoied  la  be  an  innilated  an) 
outlying  man  of  chert  bclon^n^  to  the  green  Hud  formation,  but  a  cdoi' 
psriaOD  of  the  Organic  rnnaioi  doet  not  confirm  thii  luipicion,  and  tbm 
b  no  uther  depoi't  of  ibat  forinalioQ  nearer  ih>n  Hftecn  milrt.  Mot  far 
from  thii  vicimtf  alio,  a  very  liniilar  chert  [eicq>tin2  that  thellt  have  iMl 
yei  been  dfKOvered  in  it)  i>  found  near  ihe  PItcot  cotljeriei  (in  the  pariili 
of  Straiton  on  the  fotx)  interpoted  between  the  magnniin  conglonierUe 
and  the  iDCUiRbeat  red  ntarle;  and  it  a  ftrf  ptobahie  that  a  more  caKfel 
.-.-^^-.r.-  (in..  ...qy  delccl  thc  •helU  here  alio,  hiicc  in  the  placet  wbeie  lief 
jf  are  often  very  ohtcure.  Were  our  kooijedge  of  tb* 
uT}:'!"!.:  iciiuiiiu  uf  llie  magneiian  limcttonc  more  perfect  and  full,  we 
ihonid  be  better  able  to  determine  the  probable  relations  of  tbia  cbeil  Ii> 
it  i  but  upon  the  whnle  the  evidence  Kcini  in  favour  of  ili  connecliDn  intk 
it,  atthau^h  we  liave  not  felt  lufficienfly  conlideai  to  introduce  it  othci- 
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It  contains  veins  of  sulphate  of  baiTtes  at  the  Hnddlestoa 

JvaoTfy  near  Sherbnnii  between  Ferrybridge  and  York.    (6. 
Totes.) 
It  is  traversed  bv  veins  of  sulphate  of  barytes,  near  Netting* 
liam,  at  Bramham  Moor|  between  Aberford  and  Wetherbj^  and 
iMtireen  Ferrybridge  and  York  in  Yorkshire.     (G.  Notes.) 
It  encloses  arragonite  near  Whitehaven.    (6.  Map.) 

(c)  Orgame  Remains.  These  are  rarely  met  with  in  this 
limestone.  The  most  remarkable  one  was  fonnd  in  a  quarry 
Mi  Low  Pallion  in  Durham.  It  is  the  impression  of  a  fish 
vrhich  appears  to  belong  to  the  genus  Chstodon  (G,  T.  V.  4^ 
IMate  3.)  In  length  it  is  about  8f  inches  and  4^  in  breadth. 
The  dorsal  fin  reaches  from  the  middle  of  the  back  to  the  taiL 
In  Humbleton  quarry^  situated  one  mile  from  J^shop  Wear^ 
jDOUth  on  the  road  to  Durhami  were  found  the  following 
vemains,  imbedded  in  hard  buff-coloured  crystalline  limestone. 
^x.  Casts  of  the  internal  part  of  the  vertebral  column  of  the 
cap  encrinite.  (See  Parkinson,  y.  2,  tab.  10,  fig.  4.)  A 
qiecies  of  Donax  with  hair-like  spines.  Casts  of  reticulated 
fjcjonite.  (Parkinson,  v.  3,  tab.  10.  fig.  1,  9,  3.)  Smooth* 
•helled  bifalves,  from  the  size  of  a  pea  to  that  of  the  cockle^ 
leaembling  those  of  the  genus  donax.  Small  round  bodies, 
deliiieated  by  Parkinson,  fol.  2,  tab.  8.  fig.  10.  Casts  of 
Uvalves  resembling  muscles.  Casts  of  Arcse  and  Anomise 
(Sowerby,  Brit.  Min.  tab.  55.)  Impressions  of  a  reticulated 
■uurine  production  resembling  the  genus  Fiustra.  (G.  T.  V.  4* 
n.  10.)  These  organic  remains  may  serve  to  distinguish  this 
WDm  die  older  formations.     (G.T.  vol.  iv.  p.  12.) 

fhe  lower  beds  at  Whitley  near  Allercoats  in  Northumber* 
laad  contain  bivalves  and  entrochi.    (G.  Notes.) 

• 

{iQ  Range  and  extent.  The  principal  range  of  hills  consisting 
of  It,  extends  from  Sunderland  on  the  north-east  coast,  to 
NoiUngham.  This  range  is  not  very  elevated  ;  near  its  northern 
and  southern  terminations  it  attains  the  height  of  about  six 
Jbvndred  feet  abofe  the  sea,  but  the  middle  part  is  not  so  high, 
•ad  the  hills  of  which  the  chain  is  constituted  are  round 
topped.  Magnesian  limestone,  exactly  at  the  northern  extre* 
ndty  of  4ts  western  boundary,  ovedies  the  coal  strata  in  the 
difis  at  .CuUercoats  in  Northumberland,  (G.  T.  vol.  iv.  p.  3.) 
It  overUes  the  ninety  fathom  dyke«  which  appears  between  the 
strata  of  coal  in  a  nearly  vertical  position ;  and  it  is  concluded 
that  tlio  magnesian  limestone  is  of  a  newer  formation  than  the 
coal  and  the  dyke,  since  the  dyke  has  traversed  the  coal,  but 
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has  not  affected  the  limestone.*  This  rock,  along  the  coutof 
Durham,  is  coiior«'d  b;  a  species  of  breccia,  the  cemenl  e( 
vhich  is  a  inarle-like  substance  consisting  chiefly  of  magnesu 
carbonate  of  lime;  and  with  this  breccia  the  wide  chumiH 
interruptions  in  (he  clilf  are  filled.  The  upper  strata  of  &t 
limestone  are  thin  and  slalj,  uod  inclining  to  a  bufT-colciiir. 
Below,  the  stratification  is  less  distinct,  and  the  colonr  is  hdi 
brown,  [he  texture  crystalline  and  cellular:  a  variety  thit  a 
flexible  has  lately  been  found.  It  partakes  of  the  nature  ol 
swinestoue;  and  from  containing  some  inflammable  matter,  it 
requh'cs  only  a  small  quantity  of  coal  to  reduce  it  to  Ume- 
{G.T.>ol.  iv.p.  6.) 

It  is  nell  eiscertaiDed  that  the  magneaian  limestone  of  Durhaa 
and  Northumberland  rests  upon  the  coal-measures ;  for  it 
Pallion,  a  little  to  the  west  of  Sunderland,  and  bufa  jbnt 
distance  from  the  weitern  limit  of  the  magnesian  limesloa*, 
it  was  only  12  fathoms  thick,  and  was  fonnd  to  overlie  the  coil 
strata,  which  were  bored  Ihmugh  lo  the  depth  of  140  falhonf, 
without  finding  a  seam  of  coal  worth  working.  No  coal-niw 
has  yet  br-en  won  by  sinking  a  shaft  through  the  limertone, 
although  the  workings  of  some  collieries,  situated  on  its  westna 
boundary,  hate  been  carried  underneath  it.  At  Hart,  otv 
Hartlepool,  which  is  almost  the  southern  extremity  of  the 
limestone  on  that  coast,  it  was  bored  to  the  depth  of  ^2  fathomi, 
without  penetrating  through  it,     (G.  T.  vol.  iv.  p.  8.) 

The  dip  of  the  coal  strata  south  of  Newcastle  is  not  >■  ' 
conformity  with  that  of  the  magnesian  limestone.  It  it  I 
circumstauce,  however,  too  well  ascertained  to  admit  of  > 
doubt,  though  difficult  to  be  accounted  for,  tbat  the  coal  ii 
deteriorated  in  quality  where  it  is  covered  by  tlie  Iime*tow. 
(G.  T.  vol.  iv,  p.  S.)  Rotryoidal  massess  of  fetid  limestoK 
devoid  of  magnesia,  in  balls  varying  from  the  size  of  a  pcaW 
two  feet  in  diameter,  imbedded  in  a  soft,  marly,  maEsesiu 
limestone,  are  found  at  Hartlepool,  in  a  quarry  at  Building  hill 
near  Sunderland,  and  on  the  sea  coast  a  mile  ortwonotfhof 

*  The  tal^oliied  iketch  of  the  porition  of  the  raafOMian  limfi  foil  M^ 
nm,  and  d;k«  ii  copied  from  iku  pvta  in  tbe  volum*  of  tht  0«aliii<' 
TraoMctioiu  above  referred  to. 
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Honk  Weannooth.  These  balls  are  radiated  from  the  centre, 
iieir  coloar  hair-brown,  fracture  shining,  crbss  fi-acture  splen* 
lent  approaching  to  vitreous;  white  calcareous  spar  is  often 
tbaerred  in  them.  The  magnesian  limestone  of  this  district 
»otaiiis  few  organic  remains.  A  representation  of  a  fish  found 
ft  It  is  given  in  the  4th  volume  of  the  Geological  Transactions, 
lit  contains  but  few  shells.     (G.  T.  vol.  iv.  p.  10.) 

The  beds  constituting  this  range,  are  described  as  being 
ibout  three  hundred  feet  in  thickness,  on  the  east  of  the  coaU 
ield  in  Derbytkire^  which  is  near  .its  southern  extremity. 
rheir  general  colour  is  yellow,  which  is  often  as  bright  as 
[Miiboge,  with  almost  all  intermediate  shades,  to  a  very  light 
tirnw,  and  white.  Many  of  the  beds  have  a  granular  texture, 
md  a  brown  or  reddish  hue,  particularly  near  their  joints, 
rhose  beds  in  which  the  magnesian  earth  abounds  most, 
peaerally  pass  for  a  grit-stone.  A  considerable  number  of  the 
ipper  beds  are  incapable  of  calcination.    (  F.) 

The  coal-beds  of  the  Derbyshire  field  extend  beneath  the 
nagnesian  limestone,  and  have  been  worked  under  it  at 
Silborough  and  Nuthall,  which  are  situated  on  it,  a  few  miles 
lorth-west  of  Nottingham ;  (F.  166.)  and  all  the  coal  strata 
IQ  the  east  of  the  great  zig-gag/ou/^,  from  Trowel  in  Notting- 
Mttnshire,  to  the  north  of  Aston  in  Yorkshire,  have  an  easy  dip 
o  the  east,  similar  to  that  of  the  magnesian  limestone.  (F.168,) 
tnd  being  worked  in  several  places  beneath  that  limestone, 
>robably  pass  beneath  it  with  the  same  gentle  dip. 

The  existence  of  the  newer  magnesian  limestone  does  not 
ret  appear  to  have  been  ascertained  within  the  limits  of  the 
iOBtral  plain  of  red  marie ;  for  the  limestone  rocks  on  the 
mrden  of  the  Ashby  de  la  Zouch  coal-field,  which  have  by 
lOiie .  writers  been  referred  to  this  formation,  are  determined 
ly  their  organic  remains  and  geological  position,  to  belong  to 
iiie.  carboniferous  or  mountain  limestone  underlying  the  coal, 
ind  those  of  the  Dudley  coal-field  appear  of  still  earlier  origin, 
lod  Referable  to  the  transition  series.     (C.) 

The  limestone  described  by  Mr.  Bakewell  as  overlying  the 
roftl.  at  Bradford  near  Manchester,  is  probably  the  younger 
nagnesian  limestone,  as  also  some  other  similar  patches  on  the 
lonth  of  the  coal-field  between  Manchester  and  Preston;  for 
.he  localities,  of  which  see  Smith.  :  (C.) 

In  the  Shropshire  plain  however  conglomerates  of  this 
fqcmmti^n  are  said  to  occnr  at  Caerdeston  and  Loton,  and  some 
>ther  places.    (C.) 

On  the  western  side  of  the  Gmnberland  mountains,  nragnesian 
limestone  occurs  overly mg  the  ebaUmeasores  nearWhitehiiyeii; 
snd  u  connected  with  the  red  marie  depoftvU  ot  1X\^  ^^^  o^ 
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Carlisle,  it  may  be  mentioned  that  beds  of  conglonwnh 
linestoae  are  found  in  that  quurter  overiyiag  the  coll  on  tit 
south  of  Dutnfrieshire. 

In  the  south-western  counties,  especially  in  Somenetshiit, 
conglomeraies  are  cot  uiicominon  towards  the  lower  pirti  il 
the  red  marie  serica  i  the  shaft  sunk  at  Bath  Easton,  (see  p.  311) 
ia  search  of  coal,  passed  a  bed  of  this  description  ;  near  Wick 
Rocks,  on  the  south  of  the  d>;Ble,  thej  occur  in  horiiMUl 
strata,  reposing  against  the  elevated  beds  of  the  coaJ-meanrfi 
aod  mountain  Limestone,  on  the  eastern  side  of  the  Somenrl 
and  Gloucester  basin;  they  form  hangings  on  its  eztemr chni 
of  mountain  lime  and  old  red  sandstone  along  its  nortbrn 
beds  near  Tortwortb  (Gloucestershire) ;  and  at  its  weeteni  adi| 
near  Redland,  siinilar  beds  occur  ;  beyond  the  elevated  ri(t|( 
forming  the  nestem  border  of  this  basin,  the  calcareo-magnMin 
conglomerates  are  seen  stretching  from  Hung  road  on  lb 
Avon  to  Portisbead  point,  and  on  the  north  side- of  the  Anai 
running  up  the  valley  below  King's  Weston  hill,  ext«odiBjU 
the  east  as  far  as  Sneed  park.     (C.) 

The  whole  of  (he  calcareous  chain  of  Leigh  Down,  extendiDj 
on  the  south  of  the  Avon,  is  also  surrounded  by  these  coogh- 
■Derates,  as  is  also  Broadlield  Down ;  which,  being  interposed 
between  Leigh  Down  and  the  Mendips,  completes  the  sostli- 
west  angle  of  the  line  of  mountain  or  carboniferous  limestoM 
hounding  the  coal-field.     (C.) 

The  Mendip  hills  on  the  soulh  of  this  coaUtield,  are  invettrd 
in  like  manner  by  the  same  conglomerate,  which  occurs  Mit 
Wokejr  hole,  on  the  south  of  Cheddar  Cliffs,  and  in  the  Tal>T 
of  Roborough,  as  also  all  along  the  northern  skirts  of  tbt 
chain,  in  beds  abutting  against  or  covering  the  elevated  strata  e( 
mountain  or  carboniferous  lime,  &c.  and  frequently  crowob^ 
even  the  very  summits  of  the  hills.     (C.) 

In  Glamorganshire,  this  conglomerate  is  seen  in  a  similir 
position,  alternating  with  and  passing  into  compact  beds  *f 
magiiesian  limestone  throughout  the  parish  of  Sully,  noi 
C<rwbridge,  and  in  several  points  along  the  valley  of  the  rivn 
Ely :  considerable  deposits  of  it  also  occnr,  intruding  withui 
the  limits  of  the  coal-bastn,  between  Bridge-pnd  and  Lantri*- 
sent,  and  in  this  district  the  coal  is  worked  beneath  a  eon- 
glomerate  of  this  formation  at  Torrgelly  colliery  near  Lw 
l,.r™.     (C.) 

There  can  be  little  doubt  but  that  traces  of  these  beds  will 
be  found  among  the  conglomerate  rocks  before  described  i* 
the  south  of  Somerset  and  Devon  :  this  is  certainly  the  case  i' 
iiaurpford  Peveril  in  Hw  latter  country.    (C-) 

*     «>1 
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(e)  Height,  Sfc  According  to  Mr.  Winch,  Brandon  Mount, 
vfcich  rites -875  feet  above  the  sea,  is  in  this  formation;  it 
■ore  generailj  constitntes  onlj  low  hills.    (C.) 

Cf)  Tkkkneii.  The  thickness  of  these  beds  appears  to  be 
reiy  Tariable.  In  Glamorganshire,  thej  may  be  seen  yarying 
tfmtk  thirty  feet  to  as  many  inches  in  nearly  contiguous  cliffs. 
Eb  I>erbysbire  they  are  said  to  be  about  three  hundred  feet.  (C) 

(if)  The  inclination  of  these  beds  is  trifling,  and  conformable 
to  that  of  the  superior  strata.    (C.) 

The  stratification  of  this  rock  is  very  distinct,  the  individual 
eoonea  of  stone  not  generally  exceeding  the  thickness  of  a 
common  brick.  According  to  Mr.  Winch  it  varies  from  three 
fr  four  inches  to  as  many  feet,  along  the  coast  of  Durham  from 
BUelds  to  Hartlepool ;  the  uppermost  beds  are  thin,  but  lower 
iown  the  stratification  becomes  more  distinct.     (G.  Notes.) 

Near  Mansfield  in  Nottinghamshire,  the  beds  are  arched 

~  contorted,  but  four  and  a  half  miles  from  that  place  they 
■TO  io  horizontal  as  to  serve  for  a  foot  way.     (G.  Notes.) 

(A)  Agricultural  Character,  The  soil  made  by  the  yellow 
Umertone  strata,  is  generally  of  a  medium  quality  and  degree 
■f  tenacity ;  it  is  much  improved,  either  by  the  peak  lime, 
ipliefe  the  canals  admit  of  its  being  applied,  or  by  the  lioie 
hpm  the  blue  beds  near  the  bottom  of  this  series.  It  seems 
best  adapted  for  arable  land,  on  account  of  its  proneness  to 
ihar-grass,  pry-grass,  or  spiked  fescue  (festuca  pinnata)^  a  light 
|veen  sharp  grass,  which  scarcely  any  thing  will  eat,  which 
MOD  prevails  when  the  yellow  limestone  lands  are  laid  down 
Io  grass.    (F.) 

It  crumbles  into  a  dust*  which  after  rain  becomes  slippery 
nd  tenacious,  bat  in  general  it  affords  no  considerable  thick* 
■eat  of  soil,  which  is  of  a  chocolate  brown  colour.  The 
lazuriance  of  the  bromus  pinnatus  (spiked  heath  brome  grass) 
b  characteristic  of  the  soil,  and  the  sweet  scented  violet  is 
very  plentiful.  Yellow  rose  trees  with  single  and  double 
lowers  grow  luxuriantly  in  this  soil,  as  at  Shire  Oaks  near 
WUtwell  in  Derbyshire.  In  some  situations,  as  at  Hardwicke, 
it  is  favorable  to  the  growth  of  oak ;  in  others  as  at  Pleasley  it 
floorishes  a  few  years  and  then  ceases;  the  elm  grows  well, 
but  the  broad-leaved  is  subject  to  crack :  the  walnut  grows  to 
a  large  size.     (White  Watson.     G.  Notes.) 

(i)  Water.  The  cavernous  structure  of  the  conglomerate 
varieties  of  this  rock  in  the  south-western  counties  forms  vast 
reservoirs  of  water ;  but  unlike  the  springs  percolating  through 
uniformly  porous  strata,  they  are  not  calculated  to  afford  a 
constant  supply,  but  when  once  tapped  may  be  soon  exhausted ; 
this  was  experienced  in  a  branch  of  the  Somer&et  cwiX  ^n^jviV 
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near  Radstock,  which  was  earned  througli  the  conglooerale  in 
order  that  it  might,  as  was  hoped,  bv  fed  by  these  nkluitl 
reservoirs;  their  whole  contents  lioweveT  sooa  ran  olT;  and  Itit} 
defeated  instead  of  ajiswcriog  the  intended  purpose,  bj diaiuii); 
off  the  water  of  (he  eaiial ;  which  was  consequently  oblijjei]  [u 
be  puddled  alou^  the  whole  line.     (C.) 

Are  not  the  mioerul  springs  of  Rippon  and  Koare&bonmj^ 
'   in  Yorkshire  on  tliis  foiinatioii  ? 

Section  III. 
FOREIGN  LOCALITIES.* 

In  quitting  England,  before  we  pais  heyond  the  Briliih 
Islands,  we  may  obsctrc  that  the  new  red  sandstone,  accoo- 
panied  by  it!i  calcareous  con  glome  rales,  stretches  from  both  tbt 
northeni  angieo  of  this  couritry  into  (Scotland,  extending  dd  the 
north-east  op  the  valley  of  the  Tweed,  and  on  the  norlh-wcfl 
along  the  southern  plains  of  Dumfries;  in  both  cases  restin; 
against  the  great  southern  chain  of  transition  mountains  vhicb 
JTorraa  the  naturjl  barrier  of  Scotland  in  that  direction.  Wf 
are  not  yet  informed  whether  the  red  sandstone  which  occa- 
sionally cocers  the  great  central  coal-district  of  Scotluil 
belongs  (o  this  deposit,  or  is  only  a  variety  of  the  regular  cod 
grits  ;  but  there  can  he  little  doubt  that  much  of  the  sandstone 
of  the  Western  Isles  belongs  to  it. 

The  formations  which  we  have  described  in  this  article 
occur  abundantly  on  the  continent.  As  far,  indeed,  w  coi 
knowledge  of  the  geological  structure  of  the  whole  face  o(  tbe 
earth  extends,  there  is  reason  to  suppose  that  a  much  greaWi 
purlion  of  its  surface  is  occupied  by  these,  than  by  any  othri 
single  class  of  rocks. 

Before  we  attempt  to  collect  together  from  the  notices  »i 
yet  obtained,  a  general  view  of  the  local  distribution  of  this 
series,  it  will  be  necessary  to  premise  a  few  words  concemin| 
the  arrangement  of  its  constituent  membeis  in  those  placd 
where  they  have  been  most  accurately  examined,  especially  in 
the  north  of  Germany,  where  the  researches  of  Karsten,  Voight, 
Rauiner,  Von  Buch,  and  more  particularly  of  FreUleben,  h»« 
filled  up  the  slight,  but  generally  accurate  descriptions  of 
Lehman,  and  elucidated  the  systematic,  but  occasionally  con- 
fused views  of  Werner.  And  we  hive  here  the  advantage  of 
being  able  to  refer  the  reader  for  further  information  to  u 
extremely  able  abstract  of  their  statements  published  by  Mr- 
Weaker  in  the  Annals  of  Philosophy  for  September  IS21- 
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The  members  then  of  this  series  may  be  enumerated  in  the 
llowing  order  beginning  with  the  highest  and  most  recent. 

1st.  Beds  of  marie  and  variegated  sandstone  containing 
«k  salt  and  gypsum  exactly  corresponding  with  the  English 
'd  marie.  It  contains  also  occasionally  some  subordinate 
ilcareous  beds  coarsely  oolitic,  or  rather  formed  of  middle- 
Ked  globular  concretions  sometimes  dispersed  through  a  sandy 
atrix,  and  thus  passing  into  sandstone.  This  appears  to 
;ree  with  some  of  the  upper  beds  of  magnesian  limestone  in 
te  English  series;  but  the  great  mass  of  that  formation  is 
robably  rather  to  be  referred  to  the  next  member  of  the 
erman  suite :  argillaceous  iron-stone  and  thin  traces  of  coal 
'e  likewise  found  incidently  in  this  part  of  the  series. 
2.  A  calcareous  formation  containing  fetid  limestone, 
itinkstein),  cellular  limestone  (hehlenkal stein  or  ranch  wacke,) 
id  compact  marly  limestone  (zechstein)  alternating  with 
irly  beds,  follows.  Towards  the  bottom  of  this  part  of  the 
ries  is  a  bed  of  slaty  marle-stone  richly  impregnated  with 
»pper  pyrites,  (kupferschiefer  flcetz)  for  which  it  is  extensively 
orked.  This  bed  is  considered  as  characterising  this  part  of 
e  series.  Much  of  the  alpine  limestone  must  be  referred  to 
is  formation,  and  also  that  of  Camiola,  which  is  associated 
ith  the  bituminous  marle-slate  containing  the  mercurial  mines 
'  Idria.  This  constitutes  the  first  floetz  limestone  of  Werner 
id  his  disciples.  Near  the  Hartz,  these  calcareous^beds  rest 
1  a  marly  sandstone  of  very  variable  character,  occasionally 
issing  into  a  calcareous  conglomerate  called  the  Weissli^gende. 

The  magnesian  limestone  of  England  answers  in  position  to 
lese  deposites,  but  no  metalliferous  beds  have  yet  been 
>served  in  this  formation  in  this  country :  well  characterised 
kuchwacke  may  however  be  observed  in  Yorkshire. 

The  organic  remains  contained  in  these  formations  are  prin- 
ipally  skeletons  of  Saurian  animals,  and  fish  in  the  copper 
ate,  together  with  small  gryphites  (perhaps  Chamx)  ammo- 
ites  and  belemnites,.&c.  a  ferriferous  limestone  which  replaces 
le  zechstein  in  the  Thuringerwtild,  is  replete  with  a  species 
r  gryphites  (or  perhaps  Chamc^,)  called  by  Von  Schlottheim 
ryphites  aculeatus  ;  vegetable  impressions  of  ferns,  seeds,  &c. 
ccur  in  the  coal-shale. 

3.  Interposed  between  the  last  series  and  the  coal  which  it 
Iways  covers,  is  a  great  deposit  of  red  sandstone  and  conglo- 
lerates  associated  with  various  masses  of  porphyry,  basaltic 
rap  and  amygdaloid.  It  is  locally  called  the  red  dead  Iyer 
'roihe  iodle  Uegende)  because  the  metals  worked  in  the  former 
leds  here  cease;  this  is  termed  by  Freisleben  the  older  sandstone 
1  distinction  to  the  sandstone  beds  of  No.  1 ,  and  is  the  first 
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llieti  sandstone  of  the  Wernerinns ;  it  1ms  been  eoBflMmied^Kh 
onr  old  red  sandstone  from  this  resembUnoe  of  BaneS|  al 
from  the  difGicolty  of  discriminating  between  qonrtaoae  eiB» 
glomerates  nearly  allied  in  eitemal  character;  but  rfnct  Al 
rock  thus  named  in  EogUnd  is  uniformly  beneaUi  the  uiiifM 
deposits  of  coal,  and  on  the  other  hand  the  rothe  tow 
liegende  of  Germany  as  constantly  above  them ;  nnd  riase  W^ 
character  and  composition  closely  agree  with  the  conglomsnlM 
of  Devonshire,  which  like  it  are  associated  with  nmjgdsliriil 
and  porphyiitic  trap,  there  is  no  reason  for  hesitating  tordb 
it  to  the  same  epoch :  we  therefore  consider  it  as  Incladitd  It 
the  present  series  of  formations.* 


•  *  Mr.  Weaver  in  the  very  useful  compilation  before  referred  tO|  < 
Tour»  however  to  establish  the  claims  of  the  rothe  todte  hcaawetDlli 
greater  antiquity  of  the  English  old  red  sandstone*  Hb  Tiew  o?  tht  wdki 
IS  ttiat  the.  three  formations  associated  in  the  frcat  cirbcmilienMi  «BiS 
namely,  the  old  red  sandstone,  the  carboniferous  or  "»*nitTitatn 
and  the  regular  coal  measures,  may  be  intermtied  without  any  i  ^ 
or  constant  order  of  superposition ;  and  he  cites  die  diviticKi  of  the 
tain  limestone  series  in  Northumberland,  where  ita  beds  altamttt  vH 
sandstone  and  »hale,  and  present  even  near  the  bottom  oi  the  anisk  il 
two  or  three  instances,  thm  seams  or  rather  traces  of  coaL  He 
thinks  it  probable  that  the  coal,  which  in  England  generally 
upper  member  of  this  scHes,  may  in  Germany  as  generally  form  the  hnNr( 
and  he  appears  to  be  led  to  adopt  this  explanation  principally  from  iki 


occurrence  of  porphyritic  and  tiapean  rocks,  in  the  rothe  tddte 
correspond  with  t]\we  in  the  old  red  sandstone  of  Scotland. 

It  may  Be  objected  to  this  view,  however,  that  it  suppoees  a  deviitioi 
from  the  general  geological  order  of  formations  as  deauccd  from  a  Wf 
wide  induction ;  and  secondly,  that  it  supposes  it  without  necessity;  ftf 
not  only  in  our  own  islands,  where  it  is  a  constant  fact,  but  in  the  mter 
lands  also  (the  coal  fields  uf  which  the  author  of  this  notice  has  pcnoadb 
examined,)  the  same  order  of  superposition  prevails;  the  great  coal  depa4 
IS  always  the  upper  member  of  the  series;  the  limestone  depnoi  ili 
centr.ll,  and  the  old  red  sandstone  the  lowest.  By  most  continental  wfiMB 
these  latter  rocks  are  however  classed  with  the  transition  aerici.  tJbtdt. 
red  sandstone  being  (oosidered  as  a  variety  of  gr^wacke,  wludi  iM 
hitherto  prevented  our  own  writers  from  recognising  tnit  ^xact  idf9iti^4 
arrangement ;  and  although  it  is  indeed  true  that  in  Northufnhfriand,  tncp 
of  coal  occur  near  the  bottom  of  the  limestone  depoeit  aii4  pohft 
beneath  it,  still  the  general  rule  holds  good  there  also:  for  tl^  Oltf 
part  of  the  series  contained  in  that  country,  contains  frequent  andtJM 
seams  of  coal,  and  in  this  part  no  limestone  is  found :  then,  alter  an  iaH^ 
val  of  an  intermediate  character  corresponding  to  the'  millstone  grit  flf 
shale  formation  of  Derbyshire,  containing  sandstone  and  abate  with  twi 
or  three  thin  beds  both  of  limestone  and  coal,  follows  the  great  UmcsMt 
deposit  containing  eighteen  beds,  many  of  them  of  considerable  tkicfcaMk 
separated  by  shale  and  sandstone ;  and  lastly,  the  old  red  sandstone.  Tlil 
part  uf  the  series  contains  only  two  thin  and  unworkable  seanu  of  eorft 
for  the  coal-beds  which  are  found  associated  with  limestone  in  theneittif 
Northumberland,  belong  to  the  intermediate  formation  between  the  finiH 
stone  and  regular  coal  measures;  so  that  here  there  is  in  fact  no  exccptisa 
to  the  general  rule ;  for  all  the  workable  coal  is  above  the  great  coitial 
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7o  trace  thitse  beds  hastily  through  the  contiDent,  we  may 
Igia  with  Fnnce.    The  new  red  sandstone  which  crosses  the 

ikarcoat  depoiity  and  below  it  are  only  imperfect  traces  of  coal,  and 
Ikm  of  the  rarest  occurrence. 

That  on  the  other  hand  the  rothe  todte  lirgende  as  uniformly  occu|Nes  a 
Amc  above  the  great  coal  deposit,  the  evidence  of  Freisleben  is  deciiiTe. 
^  accounts  of  Lehman,  Karsten,  Voight  and  Von  Buch,  confirm  this 
Vitioa:  the  desctiption,  map,  and  sections  of  Von  Raumer,  also  prove 
Bk  it  is  liniilarly  placed  in  Upper  Silesia' and  Bohemia;  for  the  crop  of 
^  coal  beds  is  dutinctly  represented  as  occupying  a  line  between  the  red 
■editone  and  transition  rocks*  Freisleben  considers  it  as  a  formation 
■KiBct  from  and  reposing  upon  that  of  coal ;  Von  Raumer  as  so  closely 
fStd  to  the  coal-measures,  as  to  constitute  with  them  but  a  singCe 
*mation,  the  lowest  beds  being  in  his  opinion  associated  with  the  coal ; 
w  instances  he  cites  are  however  by  no  means  satisfactory,  and 
>^ohftbly  indicate  nothing  more  than  the  incidental  occurrence  of  traces 
f  <KMi  m  the  red  sandstone,  which  is  not  an  uncommon  circumstance  even 
tta  youngest  members  which  contain  gypsum  and  salt. 
'n  one  or  the  sections  given  by  Lehman,  he  indeed  represents  a  bed^  of 
'  conglomerate  (either  our  miJlstone-grit  or  old  red  sandstone)  as  basmg 
^  coal,  but  he  carefully  distinguishes  this  from  the  true  rothe  todte  which 
con  in  the  same  section  above  the  coaL 

All  these  writers,  therefore,  with  one  voice  confirm  the  position  of  the 
■I  beneath  the  rothe  todte  liegende,  either  as  a  distinct  formation,  or 
*ny  rate  the  lawat  member  of  the  same.  It  is  therefore  clear  that 
g  rehujona  of  position  of  this  formation  to  the  great  coal  deposit  arc 
iBSctly  contradictory  to  those  o'  the  old  red  sandstcue  of  this  country. 
^4t  us  enquire,  then,  whether  there  are  any  circumstances  connected  with 
*^  lock  which  render  it  neccusary  to  resort  to  the  supposition  of  this  great 
'^ttsion  of  a  geoicvical  arrangement  which  has  been  found  to  hold  con- 
^idy  ^ood  throuzn  the  Britiui  Islands,  and  also  in  the  most  extensive  of 
^  continentaJ  cou-districts — that  of  the  Netherlands :  for  though  it  would 
plainly  be  rash  to  pronounce  against  the  poMibility  of  this  supposition,  it 
la^  yet  be  acknowledged  that  it  ought  not  to  be  admitted  without  cogent 
tamits  in  its  favour.  The  descriptions  however  of  this  formation  will 
klbiind  closely  to  agree  with  the  conglomerates  of  our  new  red  tandstont 
i^0npooshire,  and  even  the  occurrence  of  porphyritic  and  trapean  rocks 
ISnodation  with  it,  is  there  parjdleled ;  for  it  will  have  been  seen  in  the 
■Bceding  article  that  there  is  no  ground  to  doubt  that  these  latter  rocks 
OS  in  that  district  truly  associated  with  the  new  red  sandstone,  and  not, 
kk»  been  suggested,  with  the  subjacent  transition  strata.  The  writer  of 
lib  JiTtide  particularly  examined  the  rothe  todte  liegende  beneath  the 
foer  mtrleHiUte  of  the  Thuringerwald,  in  company  with  Professor 
Klflnd,  in  the  summer  of  1816,  and  both  were  struck  with  its  identity 
'cfaKscter  with  the  rocks  of  Heavitree  near  Exeter ;  and  the  latter  has 
lee  njoyed  r^xated  opportunities  of  stud^ng  most  of  the.  principal 
■KMitca  ascribed  to  this  formation  on  the  continent,  and  has  seeu  nothing 
GU^  did  not  strongly  confirm  him  in  this  opinion.  It  should  be  added, 
lerp  that  three  great  confllomerates  or  nearly  similar  appearance, 
is  the  origfabonrhood  of  Uie  English  coal  dbtricts.  Itt.  Tlic  lowest 
the  g:reit  carboniferoiu  limestone,  a«ociat«i.with  the  old  red 
i;  in  this  coal  has  never  yet  been  feuBHl  (at  least  in  any  workable 
lamity)  in  these  islands;  secondly,  above  the  carbonifttous  limestone, 
Ajbstweem  it  and  the  great  coal  deposit,  as«Kiated  with  the  sandstone 
fled  hi  Derbyshire,  ftc.  the  millstone  grit;  this  does  occawmally,  though 
«  very  commonly,  alternate  with,  and'  cover  reguLar  bcda  of  cnsX^  wl 
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channel  from  Devonsire,  is  seen,  though  not  eiteaiif tif,  iBrt^ 
ing  the  transition  rocks  of  Brittany ;  bat  the  lias  asd  sdik 
advance  so  near  to  them,  as  almost  to  overlie  and  concetlili 
as  also  seems  to  be  the  case  in  the  centre  of  tlitt  cotf^i 
against  the  northern  edge  of  that  great  groop  of  prioV*  pu 
ridges  branching  off  from  the  Ceveiincs ;  but  we  wiat  'w^ 
roation  on  this  district.  ^. 

If  we  pass  from  the  centre  of  France  into  Spun  (*^! 
seems  the  most  convenient  place  to  include  that  nearly  ^^^^^j 
country),  we  find,  after  crossing  the  Pyrenees,  the  i^^  i. 
this  formation  associated  as  usual  with  gypsum  at  Caf  ^^^^ 
description  of  which  will  be  found  in  the  4th  volume  ^\^ 
Geological  Transactions).  The  celebrated  conglomenit.* ^^T 
tain  of  Montserrat  in  the  same  quarter,  is  perhaps  ^^^^^Za 
the  same  aera ;  and  we  find  gypsum  and  rock  salt  tibaM^^^ 


distributed  along  the  course  of  the  Ebro  from  below  .^-  y 
to  aboTe  Tudela.  It  is  difficult  to  spcj^k  of  a  countr'^  V 
geology  has  yet  never  received  a  strictly  scientific  exao^^ 
but  enough  is  known  to  teach  us  that  the  central  and       ^ 

also  alternates  with  the  upper  part  of  the  limestone  series :  and  tl^^_^ 
conglomerates  forming  the  lowest  member  of  that  great  series  of  "^X 
deposites  which  covers  the  whole  of  the  coal-measures,  and  w*  ^' 
been  the  object  of  the  present  article  to  describe.  Identity  of 
position,  and  resemblance  in  character,  seem  to  combine  in  per 
to  refer  the  rothc  todte  to  the  last  of  the  three,  rather  than  to  d 
former.  Should  it  however  prove  that  they  are  really  associated 
coal  formation,  as  Von  Raumer  believes  them  to  be,  they  may  p< 
classed  with  the  second  ;  but  there  is  every  reason  to  withhold  o 
from  their  proposed  identi6cation  with  the  first  and  oldest  of  the 
a  case  where  external  characters  are  nearly  similar  (since  one 
breccia  cannot  materially  differ  from  another)  our  surest  guide 
the  position  in  the  geological  series,  and  this  rule  wil  kar£y 
to  class  a  formation  uniformly  Ac/ov,  nvitk  one  uniformly  ahove,  the 
deposit  of  coal  It  may  be  asked,  however,  if  the  rotbe  todte 
our  old  red  sandstone,  what  rock  in  the  continental  series  does 
pond  to  it ;  to  this  it  may  be  answered  generally,  that  the  entire 
of  a  formation  is  a  less  anomaly  in  geology  than  its  false  position,  ai 
the  old  red  sandstone  is  thus  absent  in  many  of  our  own  coaUfields^ 
instance  in  thme  of  Staffordshire,  where  the  coal-measures  repose 
diately  on  transition  limestone,  and  even  in  the  western  extremity 
great  South  Welsh  coal-field,  which  exhibits  this  formation  in  its  ' 
thickness ;  in  every  other  part  it  vanishes  in  the  same  manner, 
instances,  however,  the  old  red  sandstone  is  decidedly  to  be  seen  9 
continent,  as  at  Hug,  on  the  Meuse,  placed  exactly  aa  with  us ;  but  ^  ' 
always  been  spoken  of  by  continental  ^^logists  as  a  variety  of  grani^^ 
and  the  carboniferous  limestone  reposmg  on  it  as  transition  lime;  an^^ 
same  nomenclifture  ha»  probably  been  adopted  in  other  localities,  for^ 
Raumer  speaks  of  a  conglomerate  and  limestone  associated  with  gran^^ 
in  Siberia;  which,  from  the  description  he  gives,  and  its  relatioas  ^ 
adjoining  coal-formation,  may  very  probably  answer  to  our  old  red  '^ 
stone  and  carboniferous  limestone. 
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s  are  principally  occupied  by  primitive  chainSi  while  tha 
A  80iith«ea8t  exhibits  little  but  calcareous  mountains, 
which  |;ypbum  is  plentifully  interspersed.  As  we  shall 
pr  ^ee  that  the  limestone  f(  rmation,  answering  in  age  to 
(iiesian  limestone,  swells  into  great  importance  on  the 
nt,  and  constitutes  large  mountain  zones  encircling  the 
;i*.,  \ihich  are  in  like  manner  characterised  by  the  inter- 
'  ***  SyP^^'"}  '^  '^  "'^  improbable  conjecture  that  these 
I  belong  to  the  same  period. 

etum  to  the  coast  of  Fiance.  Further  west  the  red 
ippears  in  great  thickness,  underlying  the  Jura  chain 
>ns  le  Sanlnier,  where  it  exhibits  as  usual  salt-springs 
psum. 

0  great  distance  we  find  it  encircling  the  Vosges,  where 
isses  of  its  conglomerates  invest  the  primitive  chains ; 
like  manner  surrounding  the  opposite  German  chains  of 
tck  forest  and  Bergstrasse,  as  may  particulariy  be  seen 
ridelberg :  hence  it  spreads  northwards  as  far  as  the 
XI  slate  district  which  stretches  from  the  north-east  of 

across  the  Rhine,  forming  the  chains  of  the  forest  of 
lennes,  the  Rhingau,  the  Westerwald,  &c.  and  skirting 
D  the  south  and  east.  Omalius  d'Ualloy,  in  his  Geologic 
d  de  la  France,  has  described  it  in  part  of  this  line,  where 
irks  that,  as  in  England,  this  is  the  oldest  of  the  hori- 
formations,  the  coal  formations  which  rest  on  the  oppo- 
i  of  this  slate  district  being  highly  inclined  ;  and  gives 
iption  which  strictly  applies  to  our  own  red  marie,  &c. 
(h  this  tract  is  more  naturally  connected  perhaps  with 
f  similar  formation  in  the  north  of  Germany,  yet  as 
nay  be  traced  in  a  line  probably  continuous  through 
to  the  very  extremities  of  Russia,  it  is  more  convenient, 
ieparting  so  widely  from  the  central  countries  of  Europe, 
w  in  the  first  place  the  course  of  the  new  red  sandstone 

1  the  south  of  Grcrmany  and  the  adjacent  coontries. 

lis  quarter  we  find  these  formations  forming  a  zone  on 
ide  of  the  Alps ;  on  the  north  interposed  between  the 
ocks  and  great  Nagelflue  of  Switzerland,  which  was 
self  considered  as  belonging  to  them,  but  has  been 
by  subsequent  researches  to  be  of  much  more  recent 
id  contemporaneous  with  the  sandstones  of  the  basin  of 
The  new  red  sandstone  is  here  intimately  associated  with 
limestone,  which  corresponds  with  the  calcareous  for- 
i  already  described  as  coeval  with  our  magnesian  lime- 
lad  gypsom  and  salt  may  be  found  interspersed  through 
ole  series.  A  tiniiar  character  applies  to  the  zone  on 
th  side  of  the  Alps ;  here  the  new  red  sandstone  may 
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be  seen  to  the  greatest  adfwitage  in  the  valley  of  tba  A^ 
ten  miles  north  of  Trent,  and  in  the  valley  of  Avisio  wUoh 
drsceiids  from  the  Val  di  Tassa  into  that  of  the  Adife.  lathe 
same  neighbourhood  a  porphyry  occurs  associated  vitii  thw 
formations  on  the  sofith  of  the  Alps  only. 

Tlie  reader  is  referred  for  farther  particulars  to  the  exoeUnt 
memoir  of  Professor  fiuckland  ;  Annals  of  Philosophy,  Jois 
1821. 

It  is  probably  the  limestone  of  this  formation  helongiif  Is 
the  Southern  Alpine  zone,  which  extends  into  Cariathia,  IstriSi 
Dalmatia,  &c. :  the  limestone  of  the  Apennines,  andnochsf 
that  ill  Greece,  may  also  perhaps  be  referred  to  the  same  moL 

Returning  to  resume  our  survey  of  the  course  of-  this  foil 
tion  from  the  point  where  we  left  it  in  the  north  of  Gennsaj, 
we  may  first  observe  that  there  is  a  tolerably  extensive  ssM- 
Sitone  district  in  the  centre  of  Germany,  between  Wartib«| 
and  Ikmberg,  which  may  belong  to  this  formation,  and  appesa 
in  some  places  to  contain  gypsum,  bat  cannot  yet  be  considetcd 
as  satisfactorily  identified.  Having  passed,  however  the  calok 
reous  district  containing  the  caverns  celebrated  for  the  fo«l 
jemains  of  bears,  &c.  in  proceeding  westwards,  betweei 
Bayreuth  and  the  Fichtelgebirge,  a  zone  of  red  marie  is  passed 
which  appears  to  skirt  the  transition  and  primitive  ridges  sf 
liie  iiolietr.f^r  Wald  towards  the  south,  and  which  contiDors 
on  the  north-west  round  the  projecting  chain  of  the  Thuringcf 
Wnld.  Here  we  may  observe  ail  the  formations  noticed  at  tbe 
head  of  this  article,  viz.  the  red  marie  and  gypsum ;  the 
calcareous  beds  associated  with  the  cupriferous  marle-sUttf 
and  at  the  bottom  the  rothc  todte:  a  shell  limestone  answeriif 
to  our  lias  rests  on  these  beds,  and  separates  this  from  a  simihr 
district  encircling  the  detached  ancient  groupe  of  the  Hsrtt 
mountains :  here,  and  in  the  continuation  of  this  district  towards 
JJalle,  the  rothe  todte  is  to  be  observed  in  many  places  in 
contact  with  the  coal  formation  and  always  above  it.  'Roct 
Salt  is  found  in  numerous  points  in  this  quarter,  along  the 
line  between  Osnaburg  and  Magdeburg  throughout  the  sooth 
of  Hanover.     (See  the  works  of  Freisleben.) 

The  zone  of  these  rocks  surrounding  the  Thnringer  wald, 
continues  to  skirt  the  prolongation  of  the  same  great  moBB* 
tnin  ban'!  througli  Saxony,  where  it  assumes  the  name  of  tbe 
J!]r/eirebirq;e,  through  Silesia,  where  it  changes  its  appellation 
for  that  of  the  Riesengebirge.  It  occurs  on  both  sides  this 
chain,  extending  on  the  south  into  the  great  basin  of  Bobenis, 
and  covering  the  coal  formation  of  that  country  and  the 
adjoining  parts  of  Silesia.     This  district  has  been  fully  de- 
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icribcd  by  Von  Raumer,*  and  in  part  also  b j  Von  Buch  in  hia 
account  cSf  Glatz. 

Thes^  fonnations  appear  to  skirt  in  like  manner  both  sides 
af  the.  Carparfhimn  chain,  which  is  still  only  a  continuation  of 
this  same  great  primitire  baud  trarersing  central  Knropc.  The 
■■at  extensive  nit  mines  which  have  ever  b^en  worked  are  to 
ke  fband  in  the  northern  sandstone  zone  at  Wielictzkfl  on  the 
aoath  of  Cracow,  and  salt  is  also  worked  along  the  inner  zone 
in  several  vallies  descending  to  the  west  from  the  chain  where 
it  trends  round  Transylvania.f  The  primitive  ridge  of  the 
Clarpathians,  turning  eastwards  on  the  south  of  the  Danube 
near  its  mouth,  assumes  the  name  of  Mount  Balkan,  and 
pffvceeds  to  the  coast  of  tlie  Euxine,  which  cuts  it  off;  but  the 
tnusition  rocks  on  the  sooth  of  the  peninsula  of  1  he  Crimea, 
^pear  to  form  a  portion  of  its  northern  exterior  chain,  and 
the  Caucasus  to  form  its  prolongation;  both  these  ranges  are 
durted  by  conglomerates,  probably  of  this  formation. 

The  sand  of  this  formation,  containing  gypsum,  appears  to 
ba  Teiy  abundant  in  the  north  and  east  of  European  Russia. 
Mr.  Straagways  has  recently  laid  much  important  information 
an  the  mineralogical  relations  of  this  vast  empire  before  the 
Gaologicai  Society,  in  which  all  the  particulars  hitherto  col- 
leded  are  given.  It  will  here  sufhce  to  obsenre,  that  if  a  line 
be  drawn  from  Riga  north  of  Moscow  to  the  banks  of  the 
Ourai,  this  formation  will  be  found  plentifully  distributed 
the  north  and  east  of  it,  especially  along  the  Vol^a  and  its 
bnmches  on  the  north-east  of  Moscow  :  it  appears  indeed  to 
extend  to,  and  invest  the  Oural  mountains  with  the  inter- 
■iixture  of  a  cupriferous  sand,  probably  allied  to  the  cupri* 
fenms  beds  associated  in  this  formation  in  Germany  and  the 
Tyrol,  &c. 

On  the  south  of  the  Oural  chain,  it  appears  to  stretch  to  the 
Caspian,  and  to  spread  very  extensively  in  the  adjoining  regions 
af  Asia.  Dr.  Kidd  observes  in  his  Geological  Essays,  ^'  that 
when  it  is  known  that  rock  salt  is  used  as  building-stone  at 

*  The  reader  will  find  an  admirable  di^t  of  the  lUtemcntf  of  Freislebcn, 
Voig^t,  and  Raumer,  on  the  tecoiidary  tormjtioni  nurrounding  the  Harts, 
ThuriDgerwald,  and  Rei»engebirge,  by  Mr.  Weaver,  in  the  AnnaU  of  Phi- 
totophy  for  October,  November,  and  December,  1821 :  wc  have  already 
itatcd  our  hedtation  in  adopting  his  propmed  identification  of  the  RDth'e 
todte  with  our  older  red  tandstone,  but  in  every  other  particular  our 
ttatcmentt  will  be  found  in  exact  accordance. 

i-  Mr.  Hchtel  sayi,  that  on  the  north  this  sone  extenda  from  Wielictzka 
into  BAoldavta,  in  which  interval  he  enumerate!  58  places  where  ult  i« 
woriEcd  or  »lt-«prings  found,  and  on  the  touth  from  £perici,  4  or  600 
nilfli  caicwardi  throagfa  Trantyhrania,  afibrding  159  localities  of  ult. 
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Ormai*;  tsd that tbe nuid  of  tho  gMot  deiM of  Pmli k rf 
a  brick  red  colour ;  and  that  talt  abomdi  tfam^ghoHk  tkit 
dwort ;  thero  can  bo  very  Kttlo  doobt  fci  the  adnd  rf  m  ggoki^ 
that  the  rock  marie  formatkNi  aboiudi  fci:  that  part  «C  thi 
world*  The  same  formatkNi  piobabij  abomida  abo  abett  te 
ttreant  of  the  Indos  and  the  Ganges,  after  tkof  hnvofriHiA 
the  BonntaMi ;  for  it  it  obtenred  by  Major  Ronnelly  that  la 
the  tract  between  the  Indus  and  the  Chelnm  are  woodafidlf 
prodnctifo  salt  mines,  affording  masses  of  salt  haid  eaaii^  Is 
be  formed  into  vessels,  &c.*'  t 

Does  not  the  occnrrenoe  of  a  salt  lake  in  tlie  centre  off  Ask 
Minor  lead  ns  likewise  to  expect  this  formation  In  thai  qpartsr! 
HVe  know  that  rock  salt  is  nsed  in  Cainmania  as  a  bnildim 
atonCi  in  consequence  of  its  hardness  and  the  diyuoas  of  the 
air.  (Chardin.)  Similar  indications  are  said  to  cxiat  ki  Thihst 
andTartarj. 

With  respect  to  Africa,  we  may  agafai  quote  Dr.  KiU.  ^h 
need  not  insist  on  the  existence  of  rock  salt  in  Africa;  sal 
though  we  ha?e  Httle  satisfsctory  evidence  of  the  fofmatisn  Is 
which  it  belongs,  yet  as  syenitic  rocks  occur  in  Upper  Egf^ 
and  roagiicsian  limestone  in  Lower  Egypt,  and  VitruTius  mea- 
tions  a  spfing  of  tar  near  CaKhage  §  ;  we  have  good  geologial 
reasons  for  expecting  that  in  those  parts  of  Africa  the  mk 
marie  may  be  found." 

Much  of  the  sandstone  of  southern  Africa  appears  to  beleaf 
to  this  formation. 

Rock  salt  is  said  to  exist  in  more  than  one  place  in  Nev 
Holland. 

In  North  America  these  formations  appear,  from  the  trsfeb 
of  Messrs.  Lewis  and  Clarke,  to  b«  very  abundant  in  the  ?tst 
plain  of  the  Mississippi,  between  the  Alleghany  mountains  and 
the  great  range  of  slony  mountains  bordering  the  opposite  sides 
of  the  northern  half  of  this  continent.^ 


*  Kiniieir,  p.  13.  and  Voyage  of  Nearchui,  p. 
+  Rennell*8  Hindostan,  p.  G9. 


p.'G9. 

§  Vitruvius,  lib.  viii.  cap.  9. 

I  In  America  the  localities  of  this  mineral  have  been  but  little  explored. 
It  appears,  however,  to  exist  in  many  places  under  one  or  both  of  its  umuI 
forms.  Id  Peru  are  numerous  mines*  situated  at  a  very  great  elevation 
above  the  sea ;  some  are  near  Pototi.  The  salt  is  very  hard,  and  usually  of 
a  violet  color  —  It  has  alto  been  found  in  several  parts  of  Chili,  &c. 

In  California  it  is  found  in  very  solid  masses ;  and  in  St.  Domingo,  near 
lake  XarajTuay,  it  exists  in  a  mountain. 

In  the  United  States,  salt  springs  are  numerous  in  several  districts. 
These  springs  sometimes  flow  naturally,  but  are  more  frequently  formed 
by  sinkiog  wells  in  those  places,  where'this  salt  is  known  to  exist,  as  in 
certain  marshes,  and  in  salt  ii§ks^  so  called,  having  formerly  been  the  rescurt 
of  wild  ammaU  to  Ucft  lV\«  c\a^^  inv^re^ated  with  thii  muriate.    Thient 
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ej  extend  into  Louisiana  and  Mexico ;  in  the  latter,  how- 
few  regular  beds  of  salt  are  found,  but  it  occurs  prin- 
f  disseminated  in  argilheeoos  soils  near  the  top  of  the 
lleias.  There  is  a  salt  lake  in  the  valley  of  Mexico.  ^ 
mboldt  noientions  among  the  secondary  rocks  skirting  the 
8  of  Orinoco  some  calcareous  beds  mingled  with  gypsum 
Kk  salt,  and  associated  with  beds  of  clay  anld  sand  c^n- 
g  the  same  minerals  which  appear  clearly  to  belong  to 
>rmation« 

I  are  found  on  the  banks  of  the  Hockhockiog,  Scioto,  Wabash, 
isee,  Kanhaway,  Great  9stndy«  and  various  other  rivers,  all  west  of 
legllany  mountaintf,  attd  emptying  their  waters  into  the  Ohio.  Tliey 
ilso  in  the  state  of  New  York  near  theOnondaeo  and  Cayuga  lakes; 
»f  Onondago  rise  in  a  marsh  on  the  border  of  the  lake,  at  iome  dis* 
from  hard  ground}  they  are  richly  impregnated,  one  gallon  of  the 
sometimes  containing  a  quarter  to  half  a  pound  of  the  salt.  Some 
I,  however,  on.tfae  eastern  waters  of  the  Ohio  arf  considerably  richer 


whole  quantity  of  salt,  annually  extracted  from  saline  jpriagf  in 
nited  States,  undoubtedly  exceeds  eOOfiUO  bushels.  Of  Uur  tho 
i  of  Onondago  and  Cayuga  alone  furnish  about  .'U)0,000  bushels,  and 
abash  m/jmt,  which  belongs  to  the  United  States,  yields  130,000 
I.    (Cleaveland's  Mineralogy.) 
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MEDIAL  OR  CARBONIFGROITS  ORDER. 

. , .    Imlependent  Coal-Jormatton  of  iVerner, 

Chnpler  1.     General  view. 
Soction  T.        Introdurtory, 
Section  II.     Of  Iht-  Coal-nipasiircs ;  with  a  preliminary  ^'itv 

of  nnatagous  deposits  in  other  geologic^  Nlo- 

Section  lir.   Of  tlie  Millstone-grit  and  Shale. 

Section  IV.    Of  the  Carboniferous  or  MouDtain  Limestone. 

Section  V.     Of  tlie  Old  Red  Sandstone. 


hei^lit,  aad  other  local  plujciiomena,  are  neceiKirilf  referred  lo'the  followin; 
Chapters,   vrhicti    treat    of    the    tcreral    Engliih    Coal-diiti' 
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field«  of  /.  Souih  Lancashire. 
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_(.    Foot  of  Cross  Fell. 
Section  II.    Millstone-grit  &  Shale  throughout  the  Penine  cha 
Section  III.  Moanlain  Limestone  ditto. 
Section  IV.  Old  Red  SandEtone^  on  north-west  of  the  chain. 
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.Coal-fonnatioii)  &c.^ 
in  the  fields  of    '^ 


Section  I.      Ashby  de  la  Zouch. 
Section  II.     Warwickshire. 
Section  III.  South  Stafford  or  Dudley* 
Section  IV.  Indications  near  the  Lickey 

hill,  &c. 
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Section  II,  Middle 
Western  or 
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Sectioii  III.  South< 
Western. 


1  a.  Plain  of  Shrewsbury. 
Coal,  &Ct  in  the  I  b.  Coal-brook-dale, 
fields  of  )»>c.  The  Clee   hills   an4 

South  Shropshire. 
d.  Near  the  Abberley  hill 

1.  South  Wales. 
0.  Coal  -  formaT J  %•  Forest  of  Dean, 
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6.  Millstone-grit  in  ditto, 
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Chapter  V.  Particular  account  of  the  Trap  rocks  occurrr 
ing  in  the  several  CoaUdistricts  above  specified. 

Chapter  YI.     Comparative  view  of  the  distribution  of  the 
Carboniferous  formations  in  other  countries ^  . 
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BOOK  III* 
MEDIAL  OR  CARBONIFEROUS  ORDER. 


CHAPTER  I. 

Cencral  view  of  the  formations  comprised  in  this  order. 

Section  I.     Introductory  notice. 

It  is  intended  to  comprise,  in  the  present  book,  an  account 
f  the  rocks  associated  together  in  the  districts  which  afford  the 
Principal  deposit  of  fossil-coal,  and  indeed  the  only  one  capable 
*f  being  applied  to  purposes  of  extensive  utility  which  appears 
o  exist  in  the  whole  geological  series. 

The  class  of  rocks  thus  constituted  will  contain  not  only  the 
:reat  coal-deposit  itself,  but  those  of  the  limestone  and  sand- 
tooe  also  on  which  it  reposes ;  which,  though  entitled  to  the 
haracter  of  distinct  formations,  are  yet  so  intimately  connected 
rith  the  above,  both  geographically  and  geologically,  that  it  is 
mpossible  to  separate  their  consideration. 

This  series  of  rocks  is  by  some  geologists  referred  to  the 
cetz,  by  others  to  the  transition  class  of  the  Wemerians :  we 
are  preferred  instituting  a  particular  order  for  its  reception, 
proceeding  justified  by  its  proportional  importance  In  the  geo« 
igical  scale,  its  peculiar  characters,  and  the  many  inconve- 
iences  arising  from  following  either  of  the  above  conflicting 
samples.  For  this  order  we  have  proposed  the  name  of  Medialy 
'ishing  to  adopt  an  appellation  entirely  free  from  theory,  and 
idicating  only  the  central  place  of  this  gronpc  in  the  five-fold 
ivision  of  the  geological  series  which  results  from  assigning  to 
;  a  separate  class.  The  epithet  carbanrferous  is  of  obyioos  ap- 
lication  to  this  series. 

Had  we  been  obliged  to  refer  it  either  to  the  flcetz  or  transi- 
ion  class  of  the  Wemerians,  we  should  not  have  hesitated  in 
referring  the  latter  branch  of  the  alternative ;  since  at  least  ten 
haracters  will  be  foaod  in  common  between  the  carboniferons 
nd  transition  t  class,  for  one  which  would  lead  to  an  opposite 

•  Chiefly  by  th«  Rev.  W.  D.  Conybcare. 
f  We  only  use  the  term  *  transition  rocks*  as  indicating  a  part  of  the 
;eneral  series  without  any  theoretical  views. 
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arrangement :  for  insUiicp, — 1st,  in  tliose  coanlries  (ns  England 
and  the  Netherlands)  where  all  the  beds  above  this  series  reallj 
dcservp,  from  their  gt^oerall;  horizontal  position,  the  hmh  itf 
fttctz  rooks,  the  rarboniferous  stnila  are  most  freqaentlj  mBCh 
inclined,  and  exhibit  every  variety  of  contortion  and  diitBifi- 
ancP, — agreeing  in  these  rtspects  with  the  tninsidoa  rocks,  bat 
being  entirely  iinconformable_with  the  more  recent :  %)Iy,  tlie 
limestones  of  tms^series  exhibit,  in  chemical  and  enlemal  cha- 
racters, in  mineral  contents,  and  in  organic  remains,  a  very  oi 
alliance  with  those  of  transition,  but  differ  in  all  these  re9|»Kti 
most  strikingly  from  the  more  recent  calcareous  beds  ;  it  often 
requires  much  consideration  to  distiogaish  them  from  the  foraer, 
but  the  merest  tyro  in  Gcalogy  uoald  at  once  dbcriminatf 
them  from  the  latter  :  Sdly,  the  sandstones  in  the  lower  part  o( 
this  series  approach  closely  in  character  to  the  more  obviounl; 
mechanical  varieties  of  greywack^,  and  indeed  so  compklcl; 
pus  inio  that  rock,  that  in  many  instances  the  limits  betwera 
this  scries  and  that  of  transition  rocks  can  only  be  arhilrarilj' 
assigned. 

In  entering  on  our  description  of  this  series,  we  are  at  o 
struck  with  its  far  greater  importance  in  a  statistical  and  tenv 
nomical  point  of  view  above  the  formations  we  have  preriduilf 
described.  We  have  hitherto  had  to  notice  little  more  than  i 
few  varieties  of  stone  fit  for  architectural  purposes ;  and  of  IhoM 
which  are  more  usually  considered  as  the  sources  of  minenl 
wealth,  the  trilling  metalliferous  deposits  occasionally  occur- 
ing  in  some  of  the  rocks  associated  with  the  new  red  sandstone 
bave  afforded  the  only  trace  ;  but  here  we  enter  on  a  new  id 
Li  this  respect. 

The  manufacturing  industry  of  this  island,  colossal  as  is  I 
fabric  which  it  has  raised,  rests  principally  on  no  other  b 
than  our  fortunate  position  with  regard  to  the  rocks  of  tbb 
Berics.  Should  our  coal  mines  ever  be  exliaustad,  it  would  melt 
away  at  once,  and  it  need  not  be  said  that  the  effect  producwl 
on  private  and  domestic  comfort  would  be  equally  fatal  witli 
the  diminution  of  public  wealth;  we  should  lose  many  of  the 
advantages  of  our  high  civilization,  and  much  of  our  cultiraird 
grounds  must  be  again  shaded  with  forests,  to  afford  fuel  to 
B  remnant  of  our  present  population.  That  there  is  a  progn;^- 
sive  tendency  to  approach  this  limit,  is  certain;  but  ate;' 
may  yet  pass  before  it  is  felt  very  sensibly ;  and  when  it  dors 
approach,  the  increasing  difliculty  and  expense  of  working 
the  mines  of  coal  will  operate  by  successive  and  gradaal  diecks 
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a^inst  its  consumption,  through  a  long  period,  so  that  the 
transition  may  not  be  Tery  violent:  our  manufactures  would 
first  feel  the  shock ;  the  excess  of  population  supported  by 
them  would  cease  to  be  called  into  existence,  as  the  demand 
for  their  labour  ceased ;  the  cultiration  of  poor  lands  would 
become  less  profitable,  Und  their  conversion  into  forests  more  so. 

The  iron  ores  associated  with  the  carboniferous  strata  being 
thus  conveniently  situated  in  the  immediate  vicinity  of  coal  and 
Itmestooe — the  fuel  and  the  flux  requisite  to  work  them,  have 
led  to  the  establishment  of  all  our  great  Iron-Works  within  the 
Kmits  of  the  coal-fields,  and  consequently  produced  a  great 
condensation  of  manufacturing  population. 

The  principal  supply  of  lead  used  in  this  country  is  also 
derived  from  this  series;  with  regard  to  zinc  and  copper,  it 
contributes  a  smaller  proportion  than  the  transition  and  primi- 
tive series. 

To  trace  the  position  of  the  horizontal  strata  above  the  coal 
formation,  disposed  as  they  are  in  uniform  and  parallel  bands 
stretching  across  the  island  in  similar  lines  of  bearing,  is  easy, 
and  requires  nothing  more  than  a  sufficiently  general  know- 
ledge of  the  districts  in  which  they  occur ;  but  to  reduce  our 
description  of  the  coal-fields,  scattered  as  they  are  in  uncon- 
nected basins  and  exhibiting  every  possible  mode  of  disorder 
and  derangement,  into  a  regular  systematic  form,  is  a  task  of 
much  more  difficult  accomplishment ;  not  however  that  we  are 
to  imagine  the  non-existence  in  this  series  of  an  arrangement^ 
as  certain  and  constant  as  in  those  described  in  the  two  pre- 
ceding ]MM>ks,  but  that  the  more  violent  convulsions  to  which  it 
has  been  subjected,  the  elevated  and  deranged  position  of  its 
strata,  and  the  unconformable  disposition  of  the  more  recent 
and  overlying  formations  with  regard  to  it,  necessarily  produce 
appearances  of  much  greater  intricacy,  and  require  a  m^ore 
patient  examination  for  their  development;  and  even  when 
that  is  accomplished,  render  the  description  of  their  local 
distribution  much  more  embarrassed,  than  when  we  had  only 
to  pursue  the  simple  lines  indicating  the  extent  of  the  younger 
deposits:  the  order  of  superposition,  however,  is  as  clearly 
ascertained  in  the  one  instance  as  the  other. 

The  following  general  principles  may  be  laid  down,  to  guide 
US  in  our  order  of  treating  this  subject.  In  (he  first  place,  the 
series  of  rock  formations  which  bought  to  be  considered  together 
with  the  coal-measures,  should  be  taken  as  including  the  four 
following  subordinate  scries.     I.  Coal-measures.    II.  Millstone 

frit  and  shale,     IH.  Carboniferous  or  Mountain  limestone. 
V.  Old  red  sandstone.    These  are  so  much  associated  together 
in  the  same  districts,  (entering  as  component  paTl&vw\.o>\k^  ^oscv^ 
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chaiu  of  hills,  &r.)  tlial  ia  describing  aiij  extensive,  tmt  of 
couiilr;,  llicy  must  b«  kejit  logethtr  under  the  view,  or  m 
inexlricuble  confusion  will  result. 

Secondly.  The  coal-lielda  of  England  will,  from  geogt^hital 
position,  naturallj  fall  under  the  following  arrangemcDt.  1. 
The  greiU  Northern  district ;  iacluding  all  the  coal-fields  oonh 
of  Trent.  5.  The  Central  tlhtrict ;  including  Leicester,  Wir- 
wick,  Staflurd,  and  Shropshire.  3.  The  tVeilern  ditlrid; 
which  may  be  subdivided  into  North-aeilenif  including  North 
Wales,  and  the  SQUtk-teeHem^  including  South  Wales,  Glou- 
cester, and  Somersetshire.  Physical  circumstances  alio  confinn 
til  is  geographical  arrangement. 

Purauing  these  principles,  first,  a  general  account  of  the  rhi- 
lactera  of  the  several  subordinate  formations  may  he  given ;  and 
secondly,  a  particular  description  of  each  district  as  far  as  is 
consistent  with  tht'  limits  of  the  work  ;  tracing  through  eock, 
tiic  position  and  relations  of  the  sovcrol  rock  formations  abore 
described. 

To  the  first  of  these  ohjects  thf-  four  remaining  sections  of  the 
present  chapter  will  be  dedicated  ;  these  will  treat  of  the  aboie 
formations  under  the  same  general  heads  which  liavebcen  adopted 
ui  the  former  books,  excluding  however  that  of  "  range  and 
extent",  which  together  with  the  local  phtcnomcna  of  the 
several  districts  specified,  will  form  the  subject  of  the  ensning 
chapters.  Two  chapters  in  the  nature  of  an  Appendix  will 
close  the  book  ;  the  former  devoted  to  the  cousideralion  of  the 
Trap  rocks  associated  in  various  parts  of  this  series  ;  the  lalttr 
to  a  comporativL'  view  of  the  distribution  of  this  MTies  in  foreign 
Gonntrics. 


Section  II.      Of  the  Conl-Mfiifiiiix,  w  Great  Coal- 
Formallnn. 

Preliminarjf  remarks  on  the  Umitalion  of  this  term^  and  Ikt 
relationi  of  this  and  olksr  carhonacfout  depotilM. 

Ill  speaking  of  the  coal-formation,  we  must  be  nndentood 
as  applying  that  term  emptiatically  to  the  great  and  principal 
deposit  of  that  mineral,  interposed  between  tha  newer  red  or 
saliferouii  sandstone,  and  the  great  carboniferous  limestone  and 
older  sandstone  fomnations ;  or,  where  these  are  absent,  resting 
on  transition  rocks.  This  is  the  deposit  distinguished  by  the 
Wernerians  as  the  Independent  coal -formation. 

It  may  be  useful  here  to  observe  that,  besides  this  great 
deposit,  iWnt  seatns  uf  c%i;\>aftai:«aus  matter  may  be  traced  to 


and  atiedaied  beds.    Sect.  If.  Of  the  Coal'meaiures.    327 

ieVeral  other  geological  potitions^'and  that  such  are  sometimes, 
tboagh  very  rarelj,  sufficientlj  productife  to  be  worked  for 
fnel ;  yielding  however  generally  a  coal  of  very  Inferior  quality. 

In  taking  the  following  brief  view  of  the  several  geological 
localities  in  which  substances  either  identical  with  coal,  or  in 
an  high  degree  analogous  to  it,  passing  into  it  by  a  series  of 
insensible  gradations,  occur,  we  shall  find  that  these  range 
through  the  whole  suite  of  formations,  beginning  in  the  most 
recent,  and  terminating  only  amidst  the  oldest  with  which  we 
are  acquainted;  and  we  shall  have  to  remark  that  the  more 
recent  deposits  are  unequivocally  of  vegetable  origin,  and  that 
ther^  is  great  reason  to  ascribe  those  of  the  middle  periods  to 
the  same  source^  in  every  instance  where  bitumen  is  present ; 
yet  it  seems  scarcely  possible  to  ascribe  the  non-bituminous 
varieties  of  carbonaceous  beds  which  occur  in  the  rocks  usually 
esteemed  primitive  (namely  anthracite  and  plumbago)  to 
similar  causes ;  and  in  this  case  therefore  we  seem  obliged  to 
admit  carbon,  in  its  simple  state  as  well  as  in  its  well  known 
compounds,  as  an  original  mineral  substance.  It  might  appear 
therefore  that  a  line  of  distinction  might  be  drawn  between 
those  carbonaceous  formations  which  are  of  derirative  origin, 
and  only  introduced  as  extraneous  materials  from  the  vegetable 
into  the  mineral  kingdom,  and  those  which  have  belonged 
primarily  to  the  latter;  but  in  fact  to  assign  such  a  line  is 
Impossible,  since  the  clearly  marked  and  unequivocal  extreme 
forms  are  found  blended  together,  and  passing  into  each  other 
by  a  series  of  middle  terms.  All  that  can  be  done,  therefore,  in 
the  present  state  of  science  is,  to  state  the  difficulty  and  leave 
it  for  solution  to  that  more  advanced  period  towards  which  we 
are  now  only  securing  the  approaches,  by  preparing  a  firm 
ground-work  of  induction  from  facts.  What  may  be  considered 
MB  ascertained  concerning  the  conversion  of  vegetable  niatter 
into  bituminous  and  coaly  matter  will  be  found  shortly  suit^med 
up  from  the  able  statements  of  Hatchett  and  Mac  Culloch, 
under  the  head  ^  chemical  and  external  characters'  of  coal. 

We  now  proceed  with  the  proposed  enumeration,  beginning 
with  the  most  recent  deposits  which  admit  of  comparison  with 
the  coal-formation. 

\»  AUumal.  Peat,  This  substance,  arising  sometimes  from 
the  subversion  of  forests  covered  by  sphagnum  palnstre, 
and  other  mosses,  and  sometimes  from  the  growth  of 
various  maritime  and  semi-maritime  plants  on  the  marshes 
l>ordering  the  coasts,  is  found  among  the  most  modem 
alluvia,  generally  covering  them ;  often  containing  works 
of  human  art  imbedded,  and  in  many  \u«tKnc^%  %>^\  V^ 
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the  act  of  progressive  increase.  It  belongs  iheiefwe 
entirely  to  an  order  of  causes  still  in  action ;  the  upper 
parts  of  its  mass  present  the  fibres  of  the  vegetabla 
whence  it  originates,  and  which  still  cover  Its  sorftoe 
(principally  sphagnum  palustre)  in  an  almost  unchaoged 
state ;  in  the  middle  part  the  texture  is  gradnallj  obli- 
terated, and  the  mass  passes  into  a  compact  peat ;  m  the 
lowest  portion  this  change  is  carried  still  farther,  sod 
substances  very  analogous  to  jet  are  found;  in  sone 
instances  beds  of  peat  alternate  with  beds  of  mud  or  sand 
deposited  in  lakes,  or  of  silt  and  sand  formed  in  the 
estuaries  of  rivers;  in  these  cases  they  appear  exactly 
to  represent  an  imperfect  and  unmatured  coal-formation. 
See  Dr.  Mac  Culloch's  excellent  memoirs  on  this  subject 
The  present  work  will  contain  a  further  account  of  this 
phoenomenon  in  that  part  of  the  last  book  in  which  aik- 
vial  formations  are  treated* 

B.  Diluvial.    (Associated  with  accumulatiani  of  graoel  ap* 

parentis  resulting  from  the  last  great  catastrophe  thai 
has  (ffected  the  earth^s  surface^  but  unconnected  with  ihs 
order  of  causes  still  acting,)  The  carbonaceous  deposits 
of  this  period  consist  of  beds  of  fossil  wood  (Lignite) 
in  some  places  retaining  its  texture  in  the  most  dhtiact 
manner,  and  passing  by  a  series  of  gradations  from  this 
state  to  that  of  jet.  The  mean  terms  of  this  series  appear 
on  chemical  examination  to  consist  of  woody  fibre  in  s 
state  of  semi-carbonization,  impregnated  with  bitumen, 
and  a  small  portion  of  resin;  so  that  of  its  origioal 
proximate  principles  as  a  vegetable,  the  extract  has 
disappeared,  the  woody  fibre  and  much  of  t*he  resin,  &c.  is 
apparently  modified  into  bitumen. 

Bofey  Ileathfield,  in  Devonshire,  affords  an  excellent 
example  of  this  deposit ;  on  the  continent  similar  instances 
may  be  cited  on  the  banks  of  the  Rhine  between  Cologao 
and  Bonn. 

C.  Associated  with  the  overlying  basaltic  formation   knesn 

as  the  newest  ^tz  trap.  This  is  also  a  lignite,  nearlj 
agreeing  with  the  former.  England  affords  no  exaiop^ 
of  it,  but  it  abounds  in  the  basaltic  area  of  north  eastern 
Ireland,  and  in  almost  every  tract  of  this  formation  on  the 
continent,  especially  in  Hesse  and  Bohemia* 
D*  Carbonaceous  strata  associated  with  the  plastic  clay  flai 
other  formations  above  the  chalk. 

The  Isle  of  Wight  furnishes  an  example.  Sec  Book  !• 
of  this  work. 

Similar  instances  occur  in  the  basin  of  PariS|  &c. 
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,  In    ike  " Hindi  immediateljf  under  the  chalk;    interposed 
between  it  and  the  oolitic  series.     See  in  this  work  the 
description  of  the  iron  sand,  especially  near  Hastings  and 
at  Lnl  worth  cove. 
.  Jn  ike  oolitic  seriefj   the    Kimmeridge  clay,    interposed 
between  the  upper  and  middle  division,  contains  beds 
of  bituminous  shale  affording  an  imperfect  fuel.     Lower 
down,  the   sands  resting  on  the  lias  of  Yorkshire  con* 
tain  regular  strata  of  workable  coal,  though  of  inferior 
quality,   accompanied    by    vegetable    impressions.      The 
account  of  this  has,   from  the  uncertainty  of  its  exact 
place  in  the  oolitic  series,  been  necessary  postponed  to  an 
appendix. 
.  The  newer  red  or  saVferous  sandstone  is  said  on  the  con* 
tinent  to  contain  occasionally  thin  seams  of  coal,  though' 
such  do  not  appear  to   have  been   yet  noticed  in  this 
country. 
,  The  descending  series  next  conducts  us  to  the  great  coal- 
formation,  (he  subject  of  the  present  book. 
7^  slaiesy  S^c,  of  transition^  (as  they  are  called)  some* 
times  contain  beds  of  Anthracite;  examples  of  this  we 
believe  occur  in  Devonshire. 
•  Beds  of  antkraciie  and  plumb  ago,  (which  is   the  purest 
known  form  of  carbon)  occur  in  mica  slate  and  other 
rocks  esteemed  primitive;  no  example  of  this  position  Is 
as  far  as  we  are  informed  known  in  this  country,  but  it 
is  frequent  on  the  continent.     These  transition  and  primi» 
five  carbonaceous  beds  appear  to  be  destitute  of  bitumen  2 
bitumen  however  has  been  found  in  the  veins  of  transition 
rocks;  e.  g.  accompanying  yellow  copper  in  Carharack 
mine  Cornwall, 
In  thus  stating  the  occasional  occurrence  of  carbonaceous 
ids  in  other  formations,  it  is  necessary  carefully  to  guard 
lainst  the  error  of  supposing  that  any  supplies  of  this  mineral| 
pable  of  being  profitably  worked,  are  to  be  found  any  where 
ithout  the  limits  of  the  coal*district  of  which  we  are  now 
mting ;  an  error  that  has  led  to  much  waste  of  capital-  in 
liiless  speculation.    The  local  deposits  above  mentioned  artt 
gects  of  Geological  curiosity,  not  of  statistical  interest. 

W^  now   proceed  to  consider   generally  the  great  coaU 

raiatlon  so  called,  as  distinguished  from  the  above  partfaii 

tposits. 

(a)    Chemical  and  external  chardeters.    The  coal-measures 

»nsist  of  a  series  of  alternating  beds  of  coal,  slate  clay,  and 

ndstone ;   the  alternations  being  frequently  ai\A  \n^^^v\VRVj 
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rcppaUd.  The  coal-beds  arc  priitcipall;  distingutsh«l  bj  tkc 
proportiofl  of  bitumen  Khich  ihcy  yirld:  thre«  f.p^ries  to*; 
be  a5i;erUinpd.  The  fii»t  yielding  about  forty  per  cetit.  of 
bilumen,  is  known  by  ibt:  names  of  ilalg  coat,  Anti/iV;  or 
caking  coal,  r.rotiUag  eoiil,  rkerrg  coal,  S(c,  Id  ignition  li 
Bwdls,  agglutinates,  and  emits  mncti  Btnoke,  which  iaftamci  at 
a  sufGeient  teniperatnre ;  the  second  Tariety  yields  ahoal  tO 
per  cent>  of  bflumea,  and  has  be«n  termed  canncl  coal  imd 
caking  coal;  it  inflames  readily,  but  does  not  agglutinate:  IIk 
third  variety  contains  little  or  no  bitumen  ;  it  has  been  mild 
calm,  course  coal,  ttone  coal,  Kilkenny  coal,  S(c.;  in  ignitiao  il ; 
eijiibits  little  or  no  flame,  and  does  not  agglutinate  ;  this  inl 
variely  forms  the  unthracite  of  mineralogist b,  when  thewcbi- 
meters  are  corrii-d  to  their  furtliest  point.  It  must  be  uiidvnlM<l 
however,  that  much  confusion  has  prevailed  in  the  ap[ili(ili>* 
of  the  above  uamcs ;  particularly  in  those  of  slaty  and  uf  mm 
coal. 

The  variable  proportions  of  bitumen  in  all  these  specipiof 
coal  were  cimsidk^red  by  Mr.  Kirwan  as  united  with  chirroii.  ; 
Hhich  constitutes  the  predominating  ingredient ;  the  reiidBOKi  ^ 
besides  these  two  substances,  consisting  only  of  between  i'o"  ' 
three  per  cent,  of  earthy  ashes.  Mr.  KJrwan  supposes  thii  il*  ' 
bitumen  exiits  in  different  states  in  these  variclies,  Dud  alix 
ill  the  slate  of  Asphaltum,  communieutes  to  some  of  tliem  ite  i 
properly  of  caking.  The^e  coals  are  often  much  mixed  oii^  ' 
clay,  and  |iass  into  bituminous  sbalc. 

The  above  are  the  views  of  ttie  chemical  composition  of  coil 
exhibited  by  Ihe  analyses  of  Kirwan. 

Dr.  Mac  Culloch,  however,  has  been  led  b j  subsequont  rv 
ucvimeuts  (see  G.  T.  vol.  2.)  to  consider  coal  rather  a;  il^K 
forming  a  series  of  links  connectfd  wilh  the  bitumens,  mjinf, 
by  the  diminishing  proportions  whicli  the  liydrogen  bears  to  the 
carbon  in  their  composition  ;  than  as  a  mixture  of  bitumen  uJ 
diarroal,  as  distinct  principles.  We  cannot  better  explaio  h* 
opinions  llian  by  subjoitiiua  the  condensed  statement  of  then 
'uhirh  he  has  lately  published  in  his  CI  ass  id  cation  of  Rocks. 

All  the  bitumens,  from  naphtha  to  asphultum,  consist  of  cooi 
pounds,  apparently  indefinite,  of  carbon  and  hydrogen  priod*' 
pally;  the  small  quantities  of  oxygen  and  azote  which  tlwT' 
contain,  appealing  to  have  little  or  no  effect  in  modifying  tlitir 
mineral  characters.  In  the  most  lluid,  the  bydrog;en  predomi- 
nates, dimiqishing  jirt^essively  according  to  the  ofder  of  their 
relative  tenacity  or  solidity.  Where  asphaltum  ends  this  sentt, 
cannel  coal,  wilh  some  interruption  in  romposition,  and  i  coB' 
aidcrable  one  in  texture,  commences  that  of  the  cuals.  Fiixa 
tliis  variety,  down  \o  U\«  moU  v?<<rfcct  anll(rBcit«,  there  is  i 
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imilarlj  indefinite  range  of  composition ;  the  hydrogen  gra- 
lually  diminishing  as  the  coal  becomes  less  inflammable,  as  it  is 
ess  capable  of  being  separated  into  bitumen  and  charcoal  by 
listillation,  and  as  it  yields  a  smaller  comparative  proportion  of 
he  former.  Thus  the  composition  of  the  bitumens  illustrates 
hat  of  the  several  varieties  of  coal.  The  most  perfect  anthracite 
tppears  to  yield  no  bitumen,  yet  it  still  contains  hydrogen, 
lerhaps  in  every  case ;  as  that  element  is  present  even  in  com- 
Don  charcoal,  which  is  itself  a  compound  substance.  Where 
iDthracite  passes  to  plumbago,  which  may  in  fact  be  considered 
»  the  true  end  of  this  series,  the  hydrogen  seems  to  have  dis* 
tppeared;  and,  if  this  substance  be  not  mere  carbon,  as  it 
»robably  is  not,  from  the  apparent  combustion  which  it  uuder- 
;oes  on  exposure  to  air,  when  its  base  has  been  extricated  from 
ron  under  water,  it  undoubtedly  approaches  nearer  to  that 
lament  than  any  of  the  preceding  substances. 

The  paper  of  Dr.  Mac  Culloch  above  referred  to  (G.  T.  vol.  2), 
on  tains  some  observations  on  the  experiments  which  have  been 
oade  with  a  view  to  illustrate  the  origin  of  coal,  and  its  forma- 
ion  from  vegetable  matter,  modified  by  the  action  of  fire  or 
rater,  or  both,  which  are  highly  valuable,  and  strongly  marked 
\y  the  masterly  precision  which  characterises  all  his  researches. 

It  He  shews  that  the  substances  produced  from  wood  by  the 
kCtion  of  fire,  by  Sir  James  Hall  and  others,  and  supposed  to  be 
rue  bitumens  and  coal,  were  forms  of  a  peculiar  compound,, 
"esembliiig  indeed  the  bitumens  in  colour  and  inflammability, 
>nt  essentially  different  in  many  of  its  properties,  being  insolu- 
)le  in  naphtha,  &c. ;  containing  oxygen  and  azote  in  proportions 
lifferent  from  those  in  which  the  Same  substances  exist  in  the 
>itumens,  and  in  particular  a  considerable  qnantity  of  the  for- 
mer. He  proposes  that  this  peculiar  substance  should  be  dis- 
:inguished  by  the  name  of  bistre^  which  is  already  applied  to  it 
n  the  arts ;  hence  these  experiments  afford  no  countenance  to 
;he  idea  that  fire  has  been  employed  to  convert  vegetable  mat* 
ters  into  bitumen. 

2.  Yiy  a  series  of  experiments  on  peat  and  various  lignites, 
:he  gradual  progress  of  bituminization  in  these  was  ascertained ; 
lud  it  was  found  that  in  jet,  the  extreme  term  of  the  lignite 
series,  no  chemical  difference  from  coal  existed,  excepting  that 
I  greater  quantity  of  acid  was  given  over  in  the  process  of  its 
iistillation.  The  general  result  of  these  experiments  is  thus 
(tated. 

<  Examining  therefore  the  alteration  produced  by  water  on 
M>mmon  turf  or  submerged  wood,  we  have  all  the  evidence  of 
iemonstration,  that  its  action  is  sttflUcient  to  convert  them  ioto 
(ubstances  capable  of  yielding  bitumen  on  distillation. 
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'  That  the  same  action,  hiTing  operated  throngh  a  lon^rr 
pi>rio(I,  has  productd  the  chtinge  ou  the  brown  coal  of  Borrf, 
It  rendered  extremely  probable  bj  the  geognostic  relationi  of 
that  coal.  From  this  to  the  harder  lignites,  ^urturbnnd  ind 
jef,  the  transition  is  so  gradaat,  that  thtre  seems  no  reawota 
limit  the  power  of  water  In  produce  the  cflVct  of  hitumioiulioil 
in  all  these  larietieR,  nor  is  there  aught  in  this  chaaf^  m 
(liesotiaut  from  other  cliemical  actions,  as  loiualte  as  hesitileit 
adopliiii;  this  CHQSe,'     (G.T.  vol.2,  p.  19.) 

3,  Although  it  thus  appears  that  natcr,  rather  than  (ire,  hu 
been  the  agent  employed  in  the  flrst  bi  to  mini  nation  of  veeetabic 
mailer,  yet  there  is  a  wide  interval  between  the  external  Chi* 
racters  of  these  bituminous  lignites  and  true  I'oal,  although  their 
chemical  composition  is  nearly  the  same.  As,  therefore,  minj 
philosophers  of  high  reputation  have  supposed  that  firf  has  bt«n 
the  probable  agent  in  this  part  of  the  conversion,  Dr.  MacCal- 
loch  felt  it  incumbent  to  examine  what  analogies  in  favoarot 
this  hypothesis  result  from  experiment ;  and  he  represents  thoM 
rcEulls  as  so  far  according  with  this  theory,  that  by  the  applift- 
tion  of  heat  under  compression  to  jet,  it  wa.s  fused  into  a  sub- 
itante  posBessing  the  true  characters  of  coal.  It  is  possiblr, 
therefore,  that  the  agency  of  fire  applied  to  beds  of  lignite  and 
peat,  may  convert,  not  wood,  but  vegetable  matter  p  rev  ion*  Ij 
bilumlnized,  into  coal. 

Dr.  Mac  Culloch  does  not  however  pronoonce  in  favoor  of 
this  theory,  bnt  merely  points  out  its  pos^ihility  ;  fully  adini!- 
ting,  on  the  other  hand,  that  we  cannot  presnme  to  stale  the 
period  which  nature  has  used  in  her  opemtions,  nor  during  hov 
long  a  space  the  causes  have  continued  to  act,  before  the  vege* 
table  matter  has  undergone  its  ultimate  change  into  coal ;  nor, 
therefore,  whether  the  long  continued  aeency  of  water  and 
pressure  miiy  not  have  produced  the  reijuiied  changes. 

We  ourselves,  on  the  assumption  that  coal  really  is  derived 
from  altered  vegetable  matter,  should  infinitely  prefer  that  view 
which  refers  the  whole  of  tliis  change  to  water  j  thinking  It 
greatly  more  probable,  that  the  same'agents  wbich  have  eoo^ 
verted  wood  into  jet  should  also  have  accomplished  the  last  aad 
least  important  steps  of  the  same  process,  by  converting  it  itrto 
cwal.  We  cannot  cansidcr  this  as  a  sufficiently  '  digno*  vindire 
nodus'  to  evoke  the  god  of  fire  for  its  solution  ;  we  are  certain, 
from  the  nature  and  contents  of  the  strata  aasoeiated  with  coil, 
that  water  was  present;  but  had  fire  been  the  agent  employed 
In  consolidating  the  coal,  it  is  difficult  to  understand  why  it  has 
not  also  consolidated  tile  shales  and  sandstone.  The  coal  dis- 
trtcts  no  where  present  any  appearances  which  obviously  suggest 
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be  idea  of  igneoos  agency,  except  where  thoy  are  traversed  by 
rhin-dykes* 

The  question  concerning  the  vegetable  origin  of  coal  will 
e  farther  considered  in  treating  of  the  vegetable  remains  which 
0  peculiarly  characterise  it.  The  great  chemical  argument 
ppeara  to  be,  that  the  coal  exhibits  exactly  the  same  results  as 
be  most  decided  lignites,  the  process  being  however  still 
arther  advanced. 

The  alate-clay  of  the  coal-measures  differs  from  clay-slate  by 
ta  leas  solid  and  indurated  state ;  it  is  known  in  different  col- 
ieries  by  the  names  of  black  or  blue  meial^  shale^  clunchy  cle/i^ 

The  sandstones  of  the  coal  measures  are  usually  gritty,  mica* 
eousy  and  tender ;  they  afford  freestones  for  buildings,  whet- 
looes^  grindstones,  &c. ;  some  varieties  of  a  large  schistose 
tmctare  are  raised  as  flag-stones  for  paving ;  others,  more  finely 
aniiiated,  as  roofing  slates :  PlcUe^  Po$ty  Pennant^  are  names 
pcallj  applied  to  these  sandstones. 

{Ji)  Mineral  contents.  Besides  these  strata,  Clay^iroH'Sioney 
ither  in  the  form  of  continuous  beds,  or  courses  of  nodules,  is 
^  common  occurrence  in  the  coal-fields.  These  yield  on  an 
average  about  30  per  cent,  of  metal;  they  are  provincially 
ienaed  Mme^  and  Pins.  The  occurrence  of  this  most  useful 
^f  metals  in  immediate  connection  with  the  fuel  requisite  for 
[jts  reduction,  and  the  limestone  which  facilitates  that  redoc* 
kioO)  is  an  instance  of  arrangement  so  happily  suited  to  the  ^ 
purposes  of  human  industry,  that  it  can  hardly  be  considered 
it  recurring  unnecessarily  to  final  causes,  if  we  conceive  that 
HksM  distribution  of  the  rude  materials  of  the  earth,  was  deter* 
i|iiiied  with  a  view  to  the  convenience  of  its  inhabitants. 

.  Iron  pyrites  is  often  abundantly  disseminated  among  the 

coal* 
Associated  with  the  ironstone,  small  quantities  of  galena^ 

lod  more  rarely  of  blende,  are  sometimes  observed. 
Petroleum  sometimes  occurs,  as  might  naturally  be  expected, 

imong  the  coal* 
(e)    Organic  remains.*     From  the  greater  abundance  and 

unportance  of  the  remains  which  the  vegetable  kingdom  has 

*  The  fefcFencfs  in  this  article  are  to 

ParkiiMon*t  organic  remains,  v6L  1. 
Martin  s  PetriScata  Derbieniia. 

A  Memoir  by  the  Rev.  Mr.  Strinhaoer  in  the  American  Philo- 
sophical l^ransactions. 
Plora  sur  Vorwelc  and  Petrifactenknode  by  Schlotheim. 
Flora  der  Vorwelt  by  Sternberg, 
The  Edinburgh  Philosophical  Transactions. 
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yIelJeJ  to  tlie  coal  strata,  we  shall  consider  these  before  we 
procffed  to  the  sranty  animal  remains  they  atTord.  The  rem 
«f  llie  coal-field  exhibit  the  trunks,  leaves,  and  more  rarclf 
pericarps  of  various  vegctahleS,  all  greatly  dixlingnisfaed  froi 
known  recent  species,  but  apparently  agreeing  more  netriy 
with  the  vegetation  of  a  hot  than  temperate  climate,  and  iritn 
moist  rather  thuu  dry  situations.  In  considering  their  on'ginil 
habits,  we  must,  as  Count  Steruberg  observer,  transport  our 
thoughts  to  an  epoch  wheu  the  vast  tracts  dow  occupied  by 
more  recent  marine  deposits  were  still  beneath  their  parent 
ocean,  from  which  scattered  groups  of  primitiTe  islands  alone 
emerged,  covered  by  tlie  vegetation  of  which  these  relics 
still  preserved.  The  rivers,  which  Id  such  a  condition  of  thirgj 
could  have  existed  only  as  torrents,  would  frecjueiitly  teai 
this  vegclatiou,  aiul  deposit  it  aloug  the  bottom  of  the  adjacent 
basins. 

The  vegetation  of  a  country  covered  with  lakes  and  manhes 
colls^^(s,  along  the  margin  of  the  waters,  in  gramina,  and  par- 
ticularly erundinaceouK  and  other  aquatic  plants;  and  on  the 
hills  rising  above  the  level  of  those  waters,  but  still  in  thm 
neighbourhood,  in  various  trees,  shrubs,  ferns,  &c.  And  snA 
]>  in  effect  the  ancient  vegetation  which  we  are  now  ronsidei- 
ing.  It  offers  iint  few  genera,  and  on  the  largest  allowance 
not  more  than  400  species.  The  trunks  or  stems  thus  dis- 
covered belong  principally  to  anindinaceoDS  plants,  approii- 
mating  to  those  now  known,  and  to  a  very  peculiar  order, 
distinguished  by  the  cortical  part  being  entirely  covered  by 
regular  impressions  resnlting  'rum  the  petioles  of  fallen  leaves, 
ranging  round  them  in  spiral  lines;  these  have  been  supposed 
to  belong  partly  to  the  Palmaceons  order,  and  partly  to  anoma- 
lous forms,  constituting  a  transition  between  these  and  the 
coniferous  plants ;  such  a  link  has  been  already  established  ia 
Professor  Sprengel's  Natural  System,  We  must  observe,  h 
ever,  that  so  much  of  their  organization  is,  in  their  present 
state,  not  capable  of  being  ascertained ;  and  so  much  of  whit 
can  be  ascertained  entirely  sui  generis,  that  any  attempts  evKO 
at  assigning  the  natural  class  to  which  they  belong  must  be 
received  with  great  hesitation. 

Other  trunks  have  a  tluted  character. 

Of  the  leaves  which  occur  in  the  coal  strata,  many  undoubt- 
edly belong  to  the  order  Filices  ;  others  have  been  but  perhspi 
on  iiisufhcicnt  ground,  referred  to  Ilippuris  Eqaiselum,  Kc; 
these  we  shall  specify  in  the  following  detail. 

To  consider  these  remains  more  particularly,  we  shall  begin 
with  those  of  trunks  or  stems ;  and  here  we  sh&ll  be  miteriilly 
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aausted  by  the  accurate  and  preciBe  figures  of  Count  Sternberg,* 
and  by  the  inTestigations  of  Mr.  Steinhauer,  who,  in  a  very 
valoible  but  perhaps  occasionally  rather  fanciful  memoir,  printed 
hi  the  Tranuctions  of  the  American  Philosophical  Society,  has 
deaoribed  many  of  the  remains  of  this  class  which  he  had  col* 
IflCted  during  his  residence  in  £ngland  from  our  coal-fields. 

I.  We  shall  begin  with  the  Jnmdinaceoui  pUtnis,  to  which 
the  generic  name  Catamites  has  been  applied  by  Sternberg  and 
Scblotbeim. 

Parkinson,  O.  R.  vol.  1.  pi.  3.  ^g,  3.    Lluid  tab.  5.  fig. 
184—6. 

Steinhauer,  PI.  5.  fig.  1. 2.     Martin's  Pet.  Derb.  Plates 
'     8.  35.  96. 

Schlottheim,  PL  20.  Sternberg,  PI.  13.  fig.  3. 
Oenerie  characUr.  A  jointed  stem,  longitudinally  striated. 
.  In  the  most  perfect  specimens  (which  hare  been  found  many 
ftet  long)  the  termination  is  in  a  conical  point ;  and  the  base 
of  each  joint  in  the  upper  part  appears  to  have  been  surrounded 
with  a  whorl  of  leaves.  Some  specimens  are  finely  striated, 
nthers  widely.  The  joints  are  sometimes  short,  sometimes  long ; 
10  that  either  there  must  have  been  great  variety  in  different 
Individuals  of  this  species,  or,  which  u  moat  probable,  it  forms 
an  extensive  genus  comprehending  many  species.  Some  speci- 
Meaa  much  resemble  the  young  shoots  of  the  Surinam  bamboo 
^teinhauer) ;  but  Sternberg  observes,  ^^  elies  se  distinguent 
dct  banbousiers  en  ce  que  les  divisions  n'en  sent  point  mar* 
qnees  par  des  nceuds  saillans,  mnis  par  des  coutures ;  clles 
font  en  outre  rayees  plas  distinct  erne  tit." 

II.  Stems  surrounded  with  impressions  of  the  attachment  of 
leaves  spirally  or  quincuncially  disposed. 

A.  Variolate  or  Verrncate.  (Variolariae,  Sternberg.) 
Generic  character.  Stem  surrounded  by  verrucate  impres- 
iioni  or  depressed  areolae,  with  a  rising  in  the  middle  having  a 
central  speck.  These  areolae  are  very  like  the  papillae  of  the 
Echinus  papillatus;  they  support  long  cylindrical  and  seem- 
ingly tubular  acini  or  leaves  r  Mr.  Steinhauer  imagined  that  he 
had  traced  these  acini,  as  he  calls  them,  extending  in  rays  to 
the  distance  of  90  feet,  round  a  stem  of  this  kind  lying  liori- 
lontally  in  a  soft  bed  of  clay ;  and  infers,  from  their  position, 
that  the  stem  had  grown  horizontally  in  its  present  position^ 

m 

*  In  referrioe  to  the  foreign  vrorki  of  Stembciv,  Scblotthonii  Ac.  we 
have  been  careful  to  cite  only  such  tpeciet  at  had  falleo  under  our  own 
observation  from  the  En^th  coal-piti;  we  believe,  however,  that  the 
Vegetation  of  the  continental  coal  itata  and  onr  own  ii  similar  throughout. 
With  very  few  exceptions. 

2  U 
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vegtMiHg^amMi  ike  mud:  bat  we muK  Mvd j citillnlil 
improbable  idea  to  an  error  of  obterratioii. 

The  stem,  in  its  preieot  ftate^  gfnmAly  exUbits  n  tM\ 
oNen  compresaed  cyiinder  of  aan&oBe  or  claj^  invested  « 
a  oariMmaceoos  coat ;  it  has  osoallj  a  deep  grooTe  ma 
along  one  side,  and  in  its  interior  an  ineloded  cjlinder  naj 
obserred,  traversing  the  sandstone  in  a  direction  parallel 
bnt  not  coincident  with,  the  axis  of  tho  iteiny  sipproadi 
more  nearly  to  Its  grooTed  side. 

Mr.  Steinhauer  considers  this  as  representing  the  pith,  vl 
resisted'  deoompositioH  longer  than  the  ligneoaa  pertiea; 
accounts  for  Its  position  bj  supposing  that  it  snlMided  tows 
tliestdcof  the  decompoahig  phnt  which  Inj  lowest  (kvfc 
point  he  sajs  it  is  always  found),  and  attributes  tiie  groafC 
a  rise  id  the  middle  at  the  inferior  smi^ee  of  the  natifac 
wldch  it  lay,  sq^uesed  upwards  by  the  unequal  pmanieef^ 
incomlient  mass  while  uuequBlly  consolidated.  Tiiese  via 
however,  we  cannot  entirely  adopt,  bat  rather  regard  tk 
remains  as  having  proceeded  from  a  snccnlent  plant  wk 
never  had  a  mnch  larger  portion  of  ligneous  fibre  than  C 
which  has  shrunk  into  the  carbonaceous  investment  still  i 
rounding  it.  It  is  probable,  however,  that  the  included  ef 
der  may  represent  the  pith^  bnt  it  is  said  that  other  and 
longitudinal  tubuli,  parallel  to  the  above,  may  be  trsi 
through  its  substance.  A  termination  has  been  in  one  insta 
observed,  drawing  from  a  thicl^ness  of  three  inches  to 
obtuse  point ;  the  trunk  has  also  been  seen  snbdividng  i 
two  nearly  equal  branches. 

The  diameter  is  from  two  or  four  (the  most  usual  stie) 
even  twelve  inches. 

Sternberg  believes  that  the  family  to  which  this  plaotl 
longed  must  have  had  many  analogies  with  the  arborise 
li^phorbift  and  the  Cacti.  On  the  whole  it  seems  certam  t 
these  also  must  have  been  succulent  plants  ;  only  one  spei 
is  certainly  known. 

Steinhauer,  PL  4.  fig.  1  to  6.     Martin,  Pet.  Derb. 

11.  12.  13. 
Parkinson,  O.  R.  vol.  1.  PI.  3.  fig.  1.   Sternbe^,  PL  1 
fig.  1.2. 
The  leaves  or  acini  are  beautifully  shewn  in  this  last  figv 

B.  The  leaf-bearing  impressions,  forming  scales  spirsl 
surronnding  the  stem. 

Lepido  dendra  (Sternberg,  from  Anrir  a  scaler  a 

iaiifof  wood. 
PhytoUihi  cancelUtt  (Steinhauer  and  Martin.) 
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mt  Sternberg,  taking  for  I  be  basis  of  bis  arrangement  tbe 
ies  in  the  con  figuration  of  the  circamambieut  scales,  has 
d  this  family  thus: 
Tribus  I*  (Lepidotm)  squamis  convexis. 

a.  scutatae.     Species  7.  figured  in  his  first 
part,  and  many  additional  in  the  second. 

b.  escntatft.  Species  1. 

Tribus  9.  (Mveolaria)  squamis  subconcavis.  Species  3. 
^se  general  divisions  may  probably  stand,  but  the  sub* 
Ml  into  species  appears  to  require  reconsideration  ;  for 
laracter  assumed  as  the  basis  of  the  classification — the 
of  the  scples — appears  to  vary  in  different  parts  of  the 
tidividual,  as  will  be  obvious  in  comparing  the  scales  on 
sis  of  the  stem,  and  the  branches  and  extreme  shoots  of 
•erg's  first  species ;  and,  if  Steinhauer's  observations  are 
t,  a  still  more  formidable  difiicolty  will  oppose  Itself  to 
e  of  this  character  without  extreme  caation ;  for,  accord* 
•  him,  the  impressions  of  the  difflerent  integuments  of 
stems,  (or  as  he  calls  them  from  the  parts  of  the  original 
whence  he  conceives  them  to  have  resulted)  the  epider- 
cortical,  and  ligneous  impressions  of  the  same  species, 
It  varieties  of  as|)ect  which  at  first  sight  appear  quite 
Bcitabie :  we  proceed  to  such  of  his  species  as  we  are 
nted  with  among  the  English  series,  and  as  are  clearlj 
:t. 

Leptdodendron  dichotomum.  S.  C.  Stem  dichotomous 
ranching ;  lower  scales  obovate :  superior  scales  rhom- 
,  scuUte  in  the  middle,  the  scuta  marked  horizontally 
three  glandules  at  the  Insertion  of  the  leaves;  narrow 
leaves  19  to  18  inches  long, 
nberg  figures  a  magnificent  specimen  19  feet  long,  seve- 

the  extieme  shoots  surl*ounded  by  their  long  acicular 
,  and  in  one  instance  assuming  an  appearance  like  in* 
;ei]ce ;  thus  much  more  is  known  of  this  than  of  any 
imong  the  coal  plants.  Detached  parts  are  frequent  in 
rn  coal.  Sternberg  observes,  ^^  la  stature  elancee  de  ccs 
,  la  dichotomie  des  branches,  les  feulUes  extremement 
'S  et  etroiles,  qui  en  environnent  les  tiges  sur  lesquelles 
M>nt  rangees  en  spirales  continues,  sont,  si  je  ne  me 
?,  des  indices  characteristiques  d'une  esp^ce  cl*arbre 
lue." 

^in  Pet.  Derb.  T.  50.  represents  the  middle  of  the  stem 
14.  upper,  and  perhaps  also  lower  figure,  its  extreme 
• 

mberg's  9nd,  4th,  and  7t1i  species  we  are  not  certain  of 
;lisb  fossils. 

2u2 


338        Book  III.     Chap.  I.     General  view  qfihe  Coaly 


wd  .6tb  rl.  udidatm).  .iit.iriiii4l^, 
refemble  tlioie  repreientod  by  9Maiifm»tf  miUm'i 
cortical,  and  Hpitifi  hupwiiiona  4<  <t  ^^JP  sH 
Ignred  bjiUiii  Plat^tt.  iig. t  to.i^    If.hli  ideas  an 
\m  wall  dascriben  It  at  a  pwlMi  fatifl;  he  aayuae  m 
he  has  traced  frequently  twa^f  Iheie  Ivpiretiiona  in  tbe 
specimen:  .^^  it  freqaently  Kappeat  that  the'ovt  and: 
iioa  are   from    different  iniegamentiy  the  ipace 
ttem  being  occupied  by  carboniaed  or  bitdmiiiiied  fi 
Matter ;  sometiines  the  inipretiion  wu  epidemaid  and 
cortical;  at  others,  both  imprenion  and  cast  weffo.ftwi 
lame  integament.    The  manner  of  aqcoonting  fofr  tkaifr  fv^. 
fietief,"  iM^adds,  ^^  is  obfioos;  it  .only  reqoirea  «i  to. 
Um  cast  and  the  impression  or  .iMtriK  tp  have  beep 
while  part  of  these  integamettta  were  still; hi  iheir 
atate^  which  being  thns  inclosed  was  aflenaaida  ekaagad  iiii 
Utnmen  or  carbon."  .,« .ni 

The  above  paragraph  was  written  befone  the  pnUieiiisMl 
the  second  part  of  Connt StembeigH  work,  and  the  lesapcdJUl 
elate  of  the  epidermal  impression  igored  by  Mr.  jStaUHM 
raadered  it  difficult  to  institute  M  eiact  compariaoB.    Ja^Ai 
second  part  of  the  Count's  work,  however,  he  fig«ms 
species  Qf  L.  Lfoopodiodes,  T.  16.  fig.  1.  Su4..  .whith 
much  more  exactly  coincident  with  Steinhaner's  figure, 
Ikeee  figures  the  difibrence  of  the  ektemal  tad.itateniel.ha- 
pression  will  be  seen  distinctly  eahibited*    We  still,  hoitftfi 
§ee\  inclhied  to  consider  the  6th  and  0th  species  of  SternbHg 
as  corresponding  with  Steinhauer*s  cortical  and  lignedas  iai* 
pressions.     Sternberg  gives  the  following  specific  characteis. 
L.  Lycopodiodei.    Candice  arboreo,  dichotome  raneis^ 

squamis  rhomboidalibus  utrinque  acilminatis  scuto  subkats 

tantum  distinguendo  iiec  definiendo. 
Steinhauer's  memoir  adds  that  ^'  The  appearance  of  soar 
specimens  seems  strongly  to  suggest  the  idea  that  the  bark  «ss 
fdmished  with,  or  composed  of,  strong  longitndinal  fibres,  aai 
almost  all  betraj  a  tendency  to  be  striated  in  a  vertical  dirse* 
tion." 

^^  The  few  specimens  which  afford  traces  of  a  pith  inform  ss 
that  it  also  was  very  finely  striated  in  a  longitudinal  directioa, 
but  afford  us  no  further  information  respecting  the  inteiBsl 
oiganisation  of  the  orignal." 

The  quantity  of  coaly  matter  investing  these  spedmeas  ii 
more  considerable  than  in  the  former  cases. 

Martin's  Pet.  Derb.  Plate  13.  appean  referable  Id  one  of 
the  appearances  above  described. 
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y»  A^  second  divbion  (Esculatee)  of  Sten^berg's  firat  tribe  of 
»  ^  family  contains  but  one  species,  which  has  not  yet  been 
^^ciibed  from  our  coal-pits. 

^/  his  second  tribe,  Alveolaas^  he  only  figures  one,  though 
^  '^fers  to  three  species.  The  one  species  figured  by  him 
^  Wot  been  described  as  English,  but  Steinhauer  giyes  two 
under  the  names  Phytolithus  tessclatus,  Plate  7.  fig.  9. 
ytolithus  notatus,  PI.  7.  fig.  6.,  which  clearly  belong  to 

ibe^    and  might  stand  in  Sternberg's  arrangement  as 

^dendron  tessellatnm  and  L.  notatum. 
species  of  this  tribe  are,  however,  always  Anted  longi- 
1  Ij,  and  thus  approach  to  the  fiuted  specimens  con- 

^  the  family  Sy ringodendron  of  Sternberg  ;  and  as  the 

^nly  appear  on  the  outer  or  epidermal  impressions,  the 

I  or  ligneous  resembling  the  appearances  of  the  Syringe* 

^'^^  w  :  this  tribe  appears  to  require  further  examination, 

-^^     very  singular  Phytolithus  parmatus  described  by  Stein* 

'*"9      undoubtedly  belongs  to  the  Lepidodendra  ;  Steinhaaer, 

^^    5^-  %•  ^"t  Pl^t®  7.  fig.  1.;  but  we  feel  uncertain  whether 

^y^^cuiar  subdivision  of  that  family  ought  not  to  be  created 

^^9    reception.     The  surface  is  reticulated  by  the  circum* 

^^et)t  spiral  rows  of  scales  as  before,  destitute  however  of  the 

ginB   so  interesting  in  the  Lepidodendron  aculeatum,  being 

^^Ae   depressed  spaces :    ^'  but  the  most  remarkable  and 

||j0^p\irable  part  of  the  organisation  of  this  fossil  consists  in  a 

gi0^s  of  circular  or  oval  larger  scutillae  or  shields,  placed  close 

^  each  other  in  a  right  line  across  the  surface*'  (or  rather 

gSteodiiig  in  a  longitudinal  row  down  it)  ;  '^  in  the  epidermal 

appearance  each  of  these  is  surrounded  by  a  raised  mai^n, 

the  included  disk  swells  towards  the  central  umbo  or  boss  in 

carioQsly  disposed  rugae  arranged  in  a  manner  slightly  resem- 

Uisg  the  curves  on  the  back  of  an  engine-turned  watch  case, 

isd  llie  boss  is  generally  more  or  less  excavated  in  the  centre. 

Xhese  shields  are  often  two  inches  or  more  in  diameter ;  their 

Uries  is  bounded  on  each  side  by  a  rather  indistinct  ridge, 

leyond  which  the  usual  reticulated  or  scfuamoos  appearance  of 

the  surface  may  be  observed.'' 

(<  The  total  appearance  of  the  fossil  has  a  curious  resemblance 
to  that  of  some  of  the  fungermaniae  preparing  for  fructification, 
^liaa  highly  magnified."  . 

.  Jt/kT.  Allan  has  described  and  figured  in  the  Edinburgh  Philo« 
^hical  Transactions  for  1821>  a  much  more  complete  specimen 
If  thii  intereating  species. 

IJQ.  We  now  proceed  to  a  third  great  class  of  the  stems 
if«tenred  in  the  (^•strata  ;«-tho8e  remarkible  Cot  «i  ^nSut^ 


turhoe^  Ikot  ditHngiilshed  from  Hie  CUimltie  1^  Mlig  w 
joints^  and  by  the  wider  intemls  l>etweeb  the  fntefk 

Sj^rimgodendra  (Sternbeig.) 

We  kave  before,  hoveTer,  remtrked  tbttt  mmm  of  die  igpM 
referred  to  this  diTbioii  neiemble  the  ligtieooi  inpraerieft  nfl^, 
seated  by  Mr.  SteiohMier  ai  belot^pqg  to  tfie  FbjteUb 
BOtalns,  which  the  epldemal  imprBiiioDi  woqld.fwfar  le  Ae 
second  tribe  of  Count  Sternberg's  Lef^dbdeadnu 

1.  Syrmgodendron  oigninoi  of  Steeabeif.  T.  13;  J^l* 
resead>lefi  the  ligneous  impression  of  SCeinhaMr  (PI.  7.  I^4>) 
ahofe-oentiooed* 

%  Syrimgodemdrvn  pes  cepreoli  (Stnnberf ,  Pi.  13.  fgiA$> 
dosely  egtees  with  PhjMithos  Dewsoai  (Steinkiiier,  PlilB  4 
ig.  3.) 

3.  A  Syringodenirm  agreelBg  with  TA.  16.  ig.  K  MW 
hefan  Plrtriftetonkuade,  bj  him  celled  PftltHidtee  srteifti|  ii 
common  in  onr  cotl-fields. 

IV.  A  yariety  not  redncible  to  any  of  the  aboTe  head%  ii 
figured  by  Steinhauer,  PL  5.  fig,  S,  under  the  name  Pigk' 
iUkus  transversus;  a  cylindrical  trunk^  transversely  cksdy 
striated,  without  any  traces  of  leaves  or  fibres ;  the  geuud 
appearance  like  that  of  a  large  earth  worm  ;  perhaps  a  creepisf 
root. 

In  closing  this  branch  of  our  inquiry  into  the  coal^fenil^ 
we  may  remark  that  in  all  of  them  there  is  but  very  Ktth 
appeal ance  of  ligneous  matter;  the  carbonised  or  bitumiasM 
coat  surronnding  them,  and  a  few  traces  of  what  has  hem 
called  the  Pith,  forming  the  whole  representatives  of  any  tsh- 
stance  of  that  nature ;  the  main  body  consisting  of  an  iuoigs^ 
mass  of  clay  or  sandstone,  most  unequivocally  mechanical  ia  iii 
origin.  If  these  trunks  had  erer  presented  solid  woody  nuHMii 
it  is  almost  impossible  to  conceive  how  such  a  snbstitatloa  ft 
materials  could  have  taken  place ;  and  what  is  aaoire  importail» 
it  is  ()uite  contrary  to  *the  analogy  of  the  changes  which  wssi 
transferred  into  a  fossil  state  is  in  every  other  instance  fomid  ts 
undergo ;  for  if  we  examine  the  numerous  fragments  of  wood 
found  in  the  London  clay,  the  oolites,  and  lias,  we  ahall  fiad  thst 
it  has  been  either  simply  carbonised,  or  else  charged  by  ia£l« 
tration  through  its  pores  with  calcareous  spar  or  pyrites ;  tbe 
woody  structure  and  fibre  being  in  every  case  diatinctiy  pr^* 
served ;  and  even  in  that  more  remarkable  change  in  wbldi  wood 
passes  by  a  siliceous  infiltration  into  the  state  of  wood-opal,  its 
original  structure  is  still  preserved,  often  id  ita  minotest  paH% 
and  the  woody  &\vte  see«Ai%t)bLeT  masked  by  ita  siliiGeoas  infMl* 
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lent  than  destroyed.*  But  if  we  suppose  the  originals  of  the 
oaUplants  to  have  been  succulent  vegetables,  this. difficulty  will 
anish,  and  many  of  them,  as  we  have  seen,  resemble  this  class 
lither  than. any  other.  It  is  more  easy  too  to  conceive  how 
lants  of  a  marshy  seat  slioold  have  been  washed  down  into  the 
asins  which  now  constitute  our  coal-fields,  and  there  covered 
''ith  deposits  of  sand  and  clay,  &c.,  for  the  fact  will  then  be 
nalogoas  to  what  is  often  observed  in  the  present  day  on  the 
orders  of  our  lakes. 

These  plants  are  sometimes  parallel  to  the  coal-strata  in  which 
lej  lie,  sometimes  shoot  as  it  were  through  them  perpendicu- 
irly,  and  have  been  observed  in  this  latter  position  rising  15 
»et  or  more.  Mr.  Trevelyan  has  drawn  some  striking  examples 
f  this  exhibited  in  the  cliffs  of  the  Durham  and  Northumber- 
ind  coast :  these  positions  probably  arose  only  from  the  distri- 
ation  of  gravity  in  the  trunks  as  they  subsided  amidst  the  thin, 
K>se,  and  unconsolidated  materials  of  the  strata  in  which  they 
re  buried. 

Mr.  Brongniart  has  published  in  the  Annates  des  Mines  for 
Kly  a  plate  exhibiting  many  of  these  erect  stems,  from  the 
pen  coal  mines  of  St.  Eticime,  Department  de  la  Loire. 

The  above  statements  will  shew  that  the  accounts  which  have 
%mn  given  of  trunks  closely  resembling  peeled  oaks,  kc.  dis- 
iwered  in  our  coal-fields,  must  have  originated  in  the  hastj 
idgment  of  an  eye  unpractised  in  examining  these  remains. 

The  roots  of  these  stems  have  in  few  instances  been  ascer- 
liiied.  Mr.  Brewster,  however,  in  the  Edinburgh  Phil.  Trans. 
»r  1831,  figures  a  stem  with  branching  roots  found  at  Nit(.^:- 
illy  but  the  whole  of  the  external  carbonaceous  coat  being 
ripped  off,  its  species  cannot  be  identified.  Count  Sternberg 
IS  figured  in  his  second  part,  T.  14.  a  magnificent  specimen 
^  the  trunk  of  Lepidodendrun  aculeatnm,  in  which  the  base 
ireads  fmt  in  a  sudden  concave  swell. 

Sternberg,  in  the  second  part  of  his  great  work,  has  instituted 
m-  »ew  genera  Schlotheimia,  Annulaiia,  and  Rotularia,  from 
■ae  of  the  verticillate  leaves  above  alluded  to :  his  generic 
istfacters  are 

Schlotheimim* — Candex  articulatus  ad  articolos   con- 
tractus verticillo  foliosus.    Both  the  species  he  describes 
.  occor  in  the  English  mines. 

Jmutlaria. — vFolia  in  verUcillum  disp<toita  annulo  pro- 
:  '  prio  inserta.  We  may  cite  Jl.  reflexa,  T.  10.  fig.  6.  as 
' :   ooauriog  in  our  mines. 

^  Tbr  ffgatcn  quantity  of  woody  matter  in  the  eoal  itrati  we  hare 
«r  SMA  wu  aa  irregiilar  comprcatcd  stem  about  4wo  inches  thicks  which 
pre  iiismhisri  a  fubtroae  root  than  any  thing  else. 


Mi       BookllL    Chtp.  I.    Cemeral  view  ^tk^  Coat, 

Roiularia.'^FoUti  VerticilUUa  in  parfs  loUe  fonnaB 
expanse. 

II.  cuneifolia^  T.  26.  fig.  4.  is  Tery  coomon  in  our  coil 
mines.    See  Paurkinson^  org.  rem.  fol.  1.  pi.  6.  fig.  3. 

Leqfy  impreuiont* 

We  have  already  mentioned  the  leaTes  helonging  to  the  Ya- 
rious  stems  above-described,  when  they  conld  be  clearly  ascer- 
tained ;  those  we  haTC  now  to  consider  are  probably  in  the  grpit 
majority  of  instances  quite  distinct  from  them,  and  are  generalljf 
indeed  found  in  distinct  strata :  they  appear  to  belong  to  low 
shrubby  vegetables,  such  as  ferns,  rather  than  to  arborescent 
plants. 

In  this  branch  of  the  Inquiry  we  have  to  regret  the  want  of 
good  and  accurate  figures  of  English  specimens  to  which  we 
might  refer.  We  may  mention  another  difficulty  which  aflecti 
the  subject  generally :  a  few  detached  leaves,  or  single  pinn», 
afford  a  very  imperfpct  view  of  the  general  infroudescence  of  a 
plant,  and  tlic  appearances  of  the  imperfectly-developed  leaves 
of  the  youngest  shoots  may  often  be  mistaken  for  the  marks  of 
distinct  species.  The  subject  requires  rather  to  be  studied  from 
the  large  slabs  in  the  coal-pits  themselves,  than  from  the  small 
and  mutilated  fragments  which  6nd  their  way  into  cabinets. 
Connt  Sternberg  unites  these  requisite  and  local  advantages  witk 
all  the  precision  of  science,  and  when  his  work  shall  have  been 
continued  so  as  to  include  these  remains,  much  new  light  will 
probably  break  in  :  at  present  Schlotheim's  figures  in  his  Flora 
der  Vorwelt  appear  to  be  the  best  extant. 

A.  The  first  class  of  leaves  we  shall  consider,  are  those 
which  are  VerticUlatc, 

Martin.  Pet.  Doib.  T.  20.     Schlotheim,  1.  2.  5.  4. 

There  are  several  varieties ;  the  leaves  in  some  more,  in  others 
less,  nunicrou? ;  sometimes  pointed,  at  others  truncated  and  8cr« 
rated  at  the  end ;  sometimes  there  appears  to  be  only  a  single 
stem  bearing  these  verticil la^ ;  this  is  often  striated,  and  tppear 
to  bo  smaller  varieties  of  those  which  we  have  already  distin- 
guished as  Calamitae ;  perhaps  young  individoals  of  them:  at 
other  times  the  verticilla;  appear  to  issue  from  jointed  branches 
at  right  angles  to  the  main  stem. 

These  impressions  have  been  compared  by  different  atthoff 
to  Hippuris  Equisetum,  Asperula,  Galium,-  Rnblv,  Molhiga, 
and  Casuarina  :  a  liht  quite  sufficient  to  9bew  the  entire  VDcer- 
tainty  of  the  subject. 
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dated  beds.    Sce^  II.  Cfihe  CoatMeamr^.   M9; 

iform  leaves.    The  foUowing  may  be  mentioiied  ai 
I  varieties. 

1,  Tab.  10.    Park.  o.  r.  pi.  4.  fig.  1.8.   Schlotheian, 
nae  decurrent  and  alternate ;  by  tome  considered  aa 

Schlotheim  an  unknown  species  of  Poljpodium  or 

Schiotheioi,  fig.  7.  8.  Pinnae  decurrent  an<)  al- 

posed  Pteris  aquilina  y  fig.  8  is  closely  related  to 
D.  R.  pi.  4.  fig.  1. 2.  there  considered  as  an  osmunda. 

Schlotheim,  fig.  11.  Pinnae  sessile,  alternate; 

i  jpodium  oreoptieris ;  the  other  supposed  Polypodia 

:hIotheiin  fig.  9.  13.  14.  15.  are  likewise  found  in 

is ;  fig.  9  agrees  with  Parkinson's  O.  R.  pi.  4.  fig.  7. 

t?ith  pi.  5.  fig.  9. 

ada  gigantea.     Sternberg,  Tab.  S2. 

isou  figures  a  plant  with  five-lobed  petlolate  leaves, 

^.  and  compares  it  with  Dicksonia. 

te  5.  fig.  9.  of  the  same  work  is  a  plant  with  three* 

.te  leaves  compared  to  Adianthum. 

heim,  fig.  18.  a.  also  compared  to  Adianthum)  but 

-eut  from  the  last. 


« 


y-shaped  leaves,  figured  by  Martin^  Pet.  Der.  T*  M; 
also  common  in  the  coal-fields ;  as  they  sooiewhat 
expanded  wings  of  the  papilionaceous  tribe,  they 

se  to  a  fanciful  account  of  the  discovery  of  fossil 

I  Fletcher  of  Madeley's  curious  description  of  th^ 

p  in  that  neighbourhood. 

essions  resembling  Conferw,  not  figured. 

Perkarpial  remains, 
referable  to  this  class  appear  to  be  figured  in  If  ar* 
rb.  T.  31.  51.  53 ;  but  we  will  not  hazard  any  ob* 
them. 

sr  abundance  of  these  vegetable  remains,  and  their 
in.  illustrating  the  probable  history  of  the  coal*for- 
B  induced  us  io  depart  from  our  usual  arrangement, 
precedence  to  these  before  entering  on  the  cons^ 
those  derived  from  the  animal  kfaigdom,  which  are 
d  entirely  confined  to  a  few:  species  of  Testacea  $ 
at,  in  one  uaetance,  a  fragment  supposed  to.  haw 
the  vadku  of  a  Balistea  baa  been  fovnd. 
middle  of  the  coal^series  in  Derbyshiic,  homemt^ 
inth  bedof  ibale  (reckemng  in  the  ascending  oi4ei| ' 
litone  occurs,  which  is  so  fail  of  dUferant  a^c^tl 

2x 


i 


344     Botklll.    Chtp»L    Generwifoinf^ik^Codf 

llytili,  &c.  as  to  b«  dbtingdihed  bj  the  nvne  of  t&e  MHide^ 
bimd.  It  will  be  seen  by  the  following  Kst,  extracted  fm 
Mr.  Farey's  ludoz  toSowerby's  Blfneral  CoocMogy,  tkat  To- 
tacea  are  also  found  in  some  of  tbe  other  beds. 


CaAMBSRED  UnIYALYES. 

AmmonUei  Listen,    (p.  1S«.  Sowefby's 

Brit.  Min.  T.  439) 
AmmonUet  Walcotii.       T.  106. 

Orthocera  Steinhaaeri.    T.  80.  fig.  4. 

BiYALYES. 

Terebratula  cramena.    T*  83.  fig.  %.  3. 
JAnguh  Mytiloides.       T.  19.  fig.  1.  9 
Mytitut  crassus. 
Unto  acntus 

U.  uniformis. 

U>  subconstrictos. 


Brit.  Min.  7. 380. 
r.33.  fig.  5.  6. 7. 
T.  33.  fig.  4. 
T.33.  fig.  1.2.3. 


Stratum  im  vUd/mH 

3d.  Shale. 
Argillaceous  iiw* 
stone,  CoalbrookD. 

3d.  Shale. 


1st.  Shale. 
9tfa.  Shale. 

Ibid. 

Ibid. 

Ibid. 
19th.  Shale. 


■» 
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The  localities  given  are  all  in  Derbyshire,  and  the  beds  art 
numbered  in  an  ascending  order. 

A  most  important  question  with  regard  to  the  infereaccs  H 
be  deduced  from  these  shells,  as  affecting  our  conclnsiens  cob- 
ceming  the  circumstances  under  which  the  coaUdeposits  veit 
formed,  here  presents  itself; — do  they  belong  to  the  marine  of 
fiuviatile  class  ? 

There  can  be  no  doubt  that  the  Ammonites,  Orthocera,  and 
Terebratula  are  marine;  but  ou  the  other  hand  the  Uuioshave 
been  considered  as  fluYiatile,  and  the  Mytilus  crassus  asbeioog- 
ing  perhaps  to  the  iluYiatile  genus  Anodonta.  We  are  greatly 
inclined,  however,  to  hesitate  in  admitting  these  representadoas. 
It  is  indeed  well  known  to  conchologists  that  the  genus  Uai^ 
was  instituted  in  order  to  separate  the  fluYiatile  from  the  an* 
line  muscles  ;  but  it  must  be  equally  known  to  the  students  of 
fossil  conchology  that  the  form  of  hinge,  assumed  as  its  dii- 
tinguishing  character,  belongs  to  several  species  found  in  • 
fossil  state,  under  circumstances  that  preclude  the  suspicion  of 
their  being  other  than  marine :  thus  shells  called,  on  accoaat 
of  their  hinge,  Unio,  are  found  in  many  of  the  oolites,  the  lias, 
&c.  (sec  the  lists  of  those  formations) ;  these  occur  with  sheUi 
undoubtedly  marine,  and  are  too  numerous,  and  too  constandy 
attendant  on  the  strata,  to  be  considered  as  fluviatile  shells  ac- 
cidentally introduced.  Now  some  of  the  so-called  Unios  which 
occur  in  ihe  ooUltXc  «^tv^%^  ^\^  cUiiely  allied  to  those  of  the 
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co^-memssFes,  aod  as  we  are  neariy  certain  they  are  marine  in 
iflie  former,  we  can  have  no  good  reaaon  to  pronounce  them  cer- 
tainly AuTiatile  fai  the  Utter ;  it  is  nevertheless  very  remarkable, 
thmt  these  problematical  shells  are  the  only  ones  at  all  common 
in  the  roal-measuret,  and  that  remains  of  undoubtedly  marine 
origin  should  be  so  very  rare ;  we  shall  however  find  in  the  next 
BectioD,  that  in  the  millstone-grit  and  shale  formation  the  alter- 
nation of  coal-strata  with  calcareoas  beds  of  marine  origin  if 
dearly  ascertained. 


We  proceed  briefly  to  notice  the  theoretical  deductions  con- 
cerning the  origin  of  the  coal- formation,  and  the  circumstances 
vander  which  this  singular  collection  of  strata  were  accumulated, 
^rfaich  may  be  built  on  the  nature  of  the  remains  they  include. 

Jt  has  been  argued  from  the  abundance  of  vegetable  remains 
In  the  coal-field,  as  well  as  from  the  composition  of  the  coal 
itself,  that  this  mineral  owes  its  origin  to  the  vegetable  king- 
«ioni ;  but  it  has  been  contended,  on  the  other  hand,  that  if  we 
macrifoe  this  origin  to  the  strata  of  coal,  we  are  bound  by  parity 
of  reasoning  to  maintain,  that  all  calcareous  beds  have  been 
^cmned  from  the  detritus  of  shells,  because  in  many  such  beds, 
adraodance  of  testaceous  remains  are  preserved,  and  the  same 
analogy  of  composition  also  exists  in  this  instance ;  and  it  is 
^■rtlier  ui^ed  that  as  such  an  origin  cannot  with  any  plausibility 
be  ascribed  to  the  anthracite  and  plumbago  which  occur  in  pri- 
ttutive  rocks,  so  neitlier  ought  we  to  ascribe  it  to  substances  so 
timilnr,  when  found  in  this  part  of  the  series. 

Ilie  force  of  these  objections  most  be  duly  allowed;  yet 
'when  we  observe  the  remains  above  described  so  peculiarly 
characterising,  by  their  abundance,  the  carboniferous  strata; 
wlien  we  observe  the  cortical  part  of  these  vegetables  generally 
•converted  into  a  coal  identical  with  the  contiguous  strata  of  that 
mineral ;  and  when  we  observe  in  the  lignites  of  Bovey  Heath- 
fleld,  the  most  decided  wood  pass  into  a  substance  nowise  dif- 
fering fnom  common  coal  in  chemical  characters,  the  impression 
left  on  the  mipd  seems  clearly  in  favor  of  the  hypothesis  which 
•derives  these  fossil  combustibles  from  the  vegetable  kingdom, 
mud  this  opinion  is  strongly  sanctioned  by  the  experiments  and 
hrfeiOTces  of  Hatchett  and  Mac  CuHoch. 

The  nature  of  the  remains  found  in  the  ooaUstrata  gives  no 
coiuitenance  to  the  ide;i  that  Che  bituminiaation  of  animal  mat- 
ter can  in  any  sensible  degree  have  contributed  to  form  them. 

Mvw  then,  on  the  above  supposition,  are  we  to  account  for 
anch  a  snrprbing  accumnlafion  of  vegetable  matter  arranged  in 
arepeated  strata  (somettmei  to  the  number  6(  uxtf  ^ti^  «^«^ 
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more  fn  a  single  district^)  separated  from  each  other  by  vikgt* 
vening  deposits  of  clay  and  sand  ? 

It  seems  certain  that  the  coal-strata  were  deposited  withii, 
.and  perhaps  along,  the  borders  of  great  accumulations  of  witer, 
whether  fresh  or  salt;  the  testacea  occurring  in  them  n§> 
ciently  proTe  this ;  and,  as  we  haTC  seen,  it  is  also  certaia  tfait 
in  some  periods  of  the  coal -formation  (and  more  especiallf  with 
regard  to  those  beds  of  coal  which  are  occasionally  associated 
with  the  millstone-grit  and  limestone  shales  to  be  describfdiD 
the  next  section)  the  water  was  salt,  and  that  the  evideouof 
its  ever  having  been  otherwise  is  far  from  convincing.  It  hardlj 
seems  necessary  therefore  to  have  recourse  to  a  series  of  red- 
procating  inundations  of  the  sea  and  fresh- water  lakes ;  botwc 
may  more  naturally  suppose  these  deposits  to  have  been  entirplj 
formed  within  the  former,  and  their  disposition  in  limited  btsiaf 
seems  farther  to  indicate  that  they  were  accumulated  in  fntbs 
or  apstnaries. 

Now  the  partial  filling  up  of  lakes  and  aestnaries  offers  us  the 
only  analogies  in  the  actual  order  of  things  with  which  we  cao 
compare  tlie  deposits  of  coal ;  for  in  such  situations  we  oftfB 
find  a  series  of  strata  of  peat,  and  sometimes  submei^ed  wood, 
alternating  with  others  of  sand,  clay,  and  gravel,  and  prcsentisc 
therefore  the  model  of  a  coal-iield  on  a  small  scale,  and  ia  an 
immature  state. 

The  lignites  of  Bovcy  Tracey,  which  seem  evidently  to  hiw 
been  accumulated  (but  at  an  earlier  period)  in  the  filling  up  of 
an  sestuary,  are  disposed  in  regular  strata  (see  the  scKrtiongiTM 
in  the  iirbt  volume  of  i^arkinson^s  Organic  Remains)  alternating 
with  clay  and  gravel  evidently  derived  from  the  detiitas  of  the 
neighbouring  granitic  chains.  The  thickness  of  the  beds  in  this 
instance,  and  the  structure  of  the  whole  deposit,  give  it  a  still 
nearer  resemblance  to  a  regular  coal-field.  Wo  must  here  sup- 
pose the  wintry  torrents  to  have  swept  away  a  part  of  the  vege- 
tation  of  the  neii^hbouring  hills  and  buried  them  in  the  xstuarr, 
together  with  the  alluvial  detritus  collected  in  its  course;  the 
latter  would,  from  its  gravity,  have  sunk  first  and  formed  the 
floor ;  the  wood  would  have  fioated  till,  having  lost  its  more 
volatile  parts  by  decomposition  and  become  saturated  witk 
moisture,  it  likewise  subsided  upon  these,  being  perhaps  alsi 
loaded  by  fresh  alluvia  drifted  down  upon  its  surface;  there- 
iterated  devastations  of  successive  seasons  must  have  produced 
the  repetition  and  alternation  of  the  beds. 

In  this  instance,  then,  it  is  evident  tliat  these  or  similar  caused 
must  have  acted  ;  and  if  we  suppose  a  like  order  of  causes  td 
have  operated  more  extensively  and  for  a  longer  period  during 
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Ihe  fonnatioa  of  thte  ooiU^imti^  we  ahsill  find  Bach  tn  hypotheiif 
Nifiacientlj  in  atcordancif  with  their  general  phmiomeiia. 

It  seems  probable  that  ine  r.oal -strata  were  originalij  muck 
■Mwe  nearly  borisontal  than  at  present,  and  that  they  owe  their 
present  contorted  disposition  to  subsequent  couTulsions.  In  the 
\mt  book  of  this  work  we  shall  b;ive  to  consider  evidence  nearly 
demonstrative  of  this. 

It  may  be  objected  that,  if  the  coal  had  really  been  deposited 
lo  iestuaries,-we  ought  to  find  fuci  and  algae  among  its  vegetables ; 
but  their  absence  is  only  a  circumstance  common  to  this  and 
avery  other  formation,  though  the  great  majority  of  them  are 
■ndonbtedly  of  sub>marine  origin,  and  many  that  are  clearly 
lach,  as  for  instance  the  Stonesfield  slate,  contain  other  vege* 
table  remains. 

(ji)  Range  and  exieni*  This  article  is  necessarily  deferred, 
from  the  arrangement  adopted  in  the  present  book,  to  the  chap- 
let*  which  treat  of  the  local  distribution  and  phcsnomena  of  the 
Deal-fields. 

{tf)  EhvaUon.  The  particulars  referable  to  this  head  will 
Iflbewise  be  found  incorporated  in  the  following  chapters ;  but 
it  floay  be  stated  generally,  that  the  coal-measures  often  form 
hula  exceeding  one  thousand  feet  in  height,  but  generally  in* 
larior  to  those  formed  by  the  subjacent  grit,  &c. 
'  OD  Tkickneu.  The  greatest  ascertained  thickness  is  pro* 
bebly  that  of  the  Northumberland  series,  exceeding  180 
BaihomSy  but  this  circumstance  varies  so  greatly  that  no  general 
leHMirk  can  be  made. 

(^)  IncUnation*  The  strata  are  generally  inclined,  and  fine* 
q[atttt]y  at  a  very  high  angle,  being  entirely  unconformable  to 
those  more  horizontal  beds  which  we  have  hitherto  described, 
and  which  overlie  them ;  they  frequently  also  exhibit  contor- 
tknis  as  rapid  and  singular  as  those  which  have  been  so  often 
deacfibed  and  figured  in  the  transition  slate  rocks :  appearances 
of  this  kind  are  displayed  in  a  manner  particularly  striking  on 
the  coasts  of  Bridesbay  Pembrokeshire,  near  Littlehaven.  It 
Oiey  be  observed  that  where  the  associated  solid  masses  of  lime- 
ilone  and  sandstone  are  elevated  in  high  angles,  but  still  dis- 
peeed  in  nearly  regular  planes,  the  more  tender  argillaceous 
beds  are  generally  twisted,  and  as  it  were  crumpled  together. 
The  Mendip  hills  and  adjacent  collieiies  in  Somersetshire  afford 
an  excellent  illustration  of  this  fact,  which  strongly  suggests  the 
idee  of  a  mechanical  force  which  has  elevated  the  more  solid 
ied(a  ctt  masse ;  while  the  more  yielding  materials,  giving  way 
teits  lateral  pressure,  have  become  irregtdarly  coetorted.  These 
phMMNnena  cannot  be  attributed  to  any  internal  power  like 
cqntalliaatliMi;  far  they  appear  to  he  coaunfleL  \e  ^  tqn^u^ 
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eynm  those  most  decidedly  mechanicid  .in  thisir  ttfoctaie;  ve 
luiTC  already  teen,  p.  183,  that  thejj^were  equally  to  be  nodcid 
in  the  most  recent  members  of  the  oolitic  series  in  the  IslesC 
Pnrbeck.  The  faulti^  or  as  they  may  be  most  appropriilriy 
termed,  diflocations^  of  the  coal-fields,  are  other  and  still  noic 
irresistible  evidences  of  their  haying  l>een  affected  by  noM 
mechanical  conTulsions  subsequently  to  their  original  fermatkai 
These  consist  of  fissures  traversing  the  strata,  extending  oAm 
for  several  miles,  and  penetrating  to  a  depth  in  very  few  b- 
stances  ascertained ;  they  are  accompanied  by  a  subsideaoe  d 
the  strata  on  one  side  of  their  line,  or  (which  amounts  to  tke 
tame  thing)  an  elevation  of  them  on  the  other ;  so  that  it  sp- 
fpears  that  the  same  force  which  has  rent  the  rocks  thus  asunder^ 
has  caused  one  side  of  the  fractured  mass  to  rise,  or  the  ote 
to  sink;  it  boing  difficult,  if  not  impossible  to  say  (since ia 
either  case  the  relative  motions  of  the  disjoined  masses  woall 
be  the  same)  in  which  direction  the  absolute  motion  has  takci 
place.  Thus,  the  same  strata  are  found  at  different  levels  sa 
opposite  sides  of  these  faults,  which  appear  to  derive  their  nsme 
from  their  bafiling  for  a  time  the  pursuit  of  the  miner ;  theysre 
also  called  t'^-aps^  and  the  elevation  or  subsidence  of  the  strstt 
described  as  their  trap  up  or  thzcn^  probably  from  a  northen 
word  signifying  a  step.  The  change  of  level  occasioned  by 
these  dislocations  sometimes  exceeds  500  feet ;  whence  we 
may  infer  the  inuncnce  violence  of  the  convulsion  which  hid 
power  to  produce  motions  of  such  vast  masses  to  such  an  extent 
The  fissures  are  usually  filled  by  clay,  which  has  subsequently 
filtered  in,  and  often  includes  fragments  disrupted  from  the  con- 
tiguous strata;  their  direction  usually  approaches  to  Tertical. 

(/i)  Agricultural  character.  ^  The  soil  of  the  coal-districts," 
says  Mr.  Farey,  "  inclines  much  to  clay,  and  is  generally  of  an 
inferior  quality."  '^  Draining  and  liming  seem  to  be  essential  to 
the  proper  occupancy  of  a  farm  in  these  districts ;  when  laid 
down  in  pasture,  small  daisys  and  other  insignificant  weeds  are 
more  disposed  to  prevail  than  grass,  on  their  strong  soils.*'  Thii 
character  appears  generally  applicable  to  the  argillaceous  soils 
on  the  coal-measures  :  we  have  however  known  them  to  prove 
favourable  to  the  cultivation  of  apple  orchards.  Sometimes  tlie 
grits  appear  in  (mrticular  portions  of  the  coal-fields  in  such 
abundance  as  to  constitute  a  sandy  soil,  but  it  is  usually  poor, 
hungry,  and  heathy. 

(«)  Phoenomena  of  Water,  The  alternation  of  porous  strati 
of  grit,  and  retentive  ones  of  clay,  being  generally  frequent  in 
the  coal-measures,  water  is  usually  to  be  procured  at  incon* 
siderable  depths.  The  clay  filling  the  fissures  of  the  faults  alM 
holds  up  the  waler^  ^aiwd  throws  out  springs ;  as  these  faulty 
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Mmverte  the  strata  in  all  directions)  it  often  happens  tliat  limited 
mcta  are  hounded  on  all  sides  by  faults  nmning  into  one  aao- 
%erj  so  that  such  tracts  are  as  it  were  insulated  bj  them,  and 
Mng  sarronnded  on  all  sides  bj  water-tight  walls,  their  waters 
wmj  be  consequently  drained  without  auffecting  those  of  the 
Mntignoos  district ;  a  circumstance  of  great  adyantage  to  the 
niner,  who  has  thus  on  his  hands  the  drainage  of  this  limited 
ItBCt  only,  instead  of  that  of  the  whole  adjacent  country ;  hence 
it  b  necessary  for  him  to  use  caution  in  piercing  these  faults. 
Mglecting  which  he  may  at  once  overflow  his  own  works,  and 
inin  all  the  neighbouring  wells.  The  waters  percolating  among 
the  coal-measures  are  very  often  chalybeate. 

Salt  springs  have  been  sometimes  founds  but  generally  near 
Sm  red  marie,  from  which  they  may  possibly  have  been  derived, 
M  at  Measham  in  the  Ashby  de  la  Zouch  field,  and  in  that  of 
lootb  Gionceiter ;  those  however  near  Newcastle  are  too  far 
bom  the  red  marie  to  be  assigned  to  this  cause :  pui^ng  salts 
iicf  found  in  the  waters  of  Mosshouse  lane  and  Tarleton  on  the 
north-east  of  Onnskirk,  Lancashire,  &c. 
:  Thermal  springs  sometimes  occur  in  the  coal-measures ;  an 
Bsample  of  this  may  be  seen  in  the  valley  of  the  Taafe  in  South 
Wales,  about  six  miles  above  Cardiff,  under  singular  circum- 
Ituces,  for  a  thermal  and  strongly  chalybeate  spring  there  rises 
irithiu  the  shingly  bed  which  forms  the  wintry  channel  of  the 
river. 


Section  III. 
MILLSTONE-GRIT,  aitd  SHALE. 

'  (a)  Chmnicai  and  external  characten.  The  coal-measures 
feaerally  repose  on  a  series  of  beds  which  are  usually  designated 
by  the  name  of  Millstone-grit  and  Shale.  The  millstone-grit 
b  most  commonly  seen  under  the  form  of  a  coarse-grained 
saBditone,  consisting  of  quarttose  particles  of  various  sizes 
(often  Buffideutly  large  to  give  the  rock  the  character  of  a 
padding-stone)  aggladnated  by  an  argillaceous  cement.  This 
iaadstone  dtffen  from  those  which  accompany  the  coal-mea- 
Mief,  prindpally  by  its  greater  induration.  It  has  every  ap- 
Itomnce  <rf  a  rock  mechanically  formed  from  the  detritus  of 
|lt»*eKistant  materials;  and  rouiided  particles  of  felspar  may 
'rtBcaihMiiily^be  traced  in  it.  It  sometimes,  however,  (though 
CMipafadvely  seldom)  assnnfes  a  finer  texture,  In  which  the 
■schialeal  ttructore  becomes  less  evident,  and  even  passes 
iota  a  hard  and  solid  cherty  rock. 
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The  shftle  beds  of  this  series  present  scarcelj  mny  chvactm 
which  may  serve  to  distinguish  them  from  the  slate^Uj  bed» 
of  the  coal-measures. 

HVhcre  the  series  is  most  completely  developed,  the  miU- 
stone-grit  beds  predomioate  in  its  upper  region,  the  sliale  beds 
in  the  lower  :  alternations,  however,  of  each  kind  of  rock  mj 
be  observed  throughout. 

This  series  presents  occasional  beds  both  of  limestone  and  of 
coal,  particularly  in  those  parts  where  the  shale  predominates 
The  coal-beds  are  few  in  number,  usually  very  thin,  and  of  a 
very  indifferent  quality.  The  limestone-beds  resemble  in  may 
points  the  mountain  limestone,  which  will  be  next  described: 
they  generally  exhibit,  however,  a  blacker  colour,  and  contaio 
more  bitumen. 

Considered  in  a  gene^^l  point  of  view,  this  series  it  inter- 
mediate in  character  and  composition,  as  it  is  in  positiflBy 
between  the  main  coal-measures  which  it  supports  aod  the 
mountain  lime  which  it  covers,  forming  the  natural  link  be- 
tween them. 

(b)  Mineral  contend.  Nodules  of  clay-iron-stone  occnr 
in  beds  similar  to  those  in  the  coal  series,  in  the  shales  of  this 
series,  sometimes  assuming  the  forms  of  septaria.  Iron  p>Titei 
also  is  abundant ;  and  occasionally  the  metalliferous  feinf, 
whose  principal  seat  h  in  the  subjacent  mountain  limestone, 
eictond  upwards  into  this  series  of  strata.  In  Derby  rehire  there 
are  several  instances  of  lead  veins  worked  in  the  shale  of  this 
series,  but  they  are  usually  thin.  The  celebrated  copper  mine 
of  Ecton  in  Staffordshire,  is  represented  by  Farcy  as  being 
situated  in  the  limestone  associated  with  this  shale,  and  in 
Northumberland  the  lead  veins  are  worked  even  in  the  milt- 
stone-grit ;  but  since  these  veins  are  always  most  productive  in 
the  subjacent  limestones,  it  seems  most  proper  to  enumerate 
their  contents  under  that  head.  The  variety  of  calcareous  spir 
called  Satin  fjpar,  appears  to  belong  to  the  shales  of  this  series. 
Bitumen,  under  most  of  the  forms  which  it  is  capable  of 
assuming,  has  been  found  in  the  rocks  of  this  series,  partica* 
larly  in  the  shale.  In  driving  a  level  through  the  shale  in 
Derbyshire,  springs  of  naphtha  issued  forth  so  plentifully  as  to 
cover  the  surface  of  the  water  in  the  level ;  and  as  inflamma- 
tion took  place  on  the  approach  of  a  candle,  the  spot  attracted 
the  notice  of  tourists  under  the  title  of  a  burning  spriiUE* 
Petroleum,  elastic  bitumen,  and  asphaltumare  likewise  found. 
It  is  probable  that  these  substances  are  derived  from  the  par- 
tial decomposition  of  the  coal  of  the  superior  and  accompanying 
strata,  which  may  be  affected  perhaps  by  the  haat  arising  fro0 
the  dccompo!=>\t\ou  o^  l\\e  ^^sociated  pyrites. 
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(c)  Organic  remains.  Vegetable  impressions,  analagous  to 
lose  of  the  superior  stratA  of  coal,  are  also  found  in  the  shales 
this  series;  and  Dodales  of  iron-stone  containing  muscles, 
lobablj  the  same  species  with  those  before  described  as 
xorring  in  the  coal-strata*  In  the  limestone  beds  of  this 
lies,  again,  the  organic  remains  appear  to  be  decidedly  of 
urine  origin,  and  analagous  to  those  of  the  subjacent  lime** 
Qoe.  Thus,  in  a  blue  limestone  of  this  class  at  Newton  hall 
wr  Corbridge,  Mr.  Winch  specifies  pectines,  and  large  ostre» 
;  occarpng;  and  in  the  limestone  covering  the  thin  coal  of 
ewtoji  near  Felton  (both  subordinate  members  of  this  series) 
bed  contains  impressions  of  biTalre  shells,  as  mentioned  bj 
le  same  writer,  but  the  species  is  nnfortunatelj  not  dis- 
igiiished. 

(iQ  Range  and  extent.  See  the  local  details  in  the  ensuing 
i^er. 

(e)  Elevation.  The  mountains  formed  by  these  beds  are 
Iten  between  1  and  2000  feet  in  height,  and  sometimes  be- 
reen  2  and  3000,  above  the  level  of  the  sea ;  for  particulars 
n  the  ensuing  chapters. 

,(f)  Tkicknesi.  Sometimes  exceeds  120  fathoms,  for  par-. 
nUn  see  the  ensuing  chapters. 

,(gy  IncUnaUon.  The  phoenomena  in  this  respect  are  the 
■w  with  those  of  the  coal-measures,  with  which  these  sub- 
cent  beds  are  perfectly  conformable.  The  solid  strata  of 
Ubtone-grit,  however  elevated,  usually  form  rectilinear 
uief,  while  the  more  jrielding  shales  are  often  singularly 
otorted.  The  same  faults  traverse  these  beds  and  the  coal- 
eaanres. 

(ib)  JgricuUural  character.  .The  millstone-grit  usually 
mis  the  surface  of  barren  and  elevated  moorlands  covered 
ith  mountain  peat,  the  moisture  of  these  elevated  regions 
ing  &vorable  to  the  growth  of  the  inosses,  &c.  which  form 
em;  and,  as  it  appears,  the  soil  afforded  by  the  gritstone  also 
mcarHng  to  facilitate  their  production,  for  they  are  not  com- 
^  in  calcareous  mountains  of  equal  height.  The  shalea 
■ocfaUed  in  this  part  of  the  series  are  very  variable  even  in 
ifcrent  parts  of  the  course  of  the  same  beds,  sometimes 
Ibiding  good,  and  sometimes  poor  soils;  perhaps  the  dif- 
rent  proportions  of  calcareous  matter  dispersed  through  them 
■y  be  the  cause  of  this. 

<0  Phtenomena  of  waier.  This  part  of  the  ^ries  agrees 
Itlh  the  coal-measures  in  this  respect.  The  well-known  waters 
f  Hftrrowgate  are  believed  to  be  in  this  part  of  the  series. 
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Section  IV. 

CARBONIFEROUS  or  MOUNTAIN  LIMESTONE 

(b)  Chemical  and  external  characters.  The  series  jrt 
described  reposes  on  that  important  assemblnge  of  caluM* 
■trata  (oecusionally  alteraating  with  beds  of  a  iliffeirot  nw 
poMtiou,  e.  g.  shale-grit  and  amygdaloid)  which  has  beenoto 
described  by  the  name  of  uiouatain  limestone,  from  itf  usttUf 
forming  cousidembte  hills;  of  metal  life  roui  limesIoK,  ftM 
lis  mtaeraJ  riches;  and  of  eiitroclial  or  encrinnl  limeflw, 
from  iti  organic  remains.*  We  prefer  to  all  these  tinl  il 
cai'boniferoui  limestone,  derived  from  its  associatioa  in  ^ 
coal  districts,  as  expressing  a  character  more  coostaat  lad  MR 
peculiar  than  any  of  the  former.  The  texture  of  (hi)  ndl 
is  generally  imperfectly  crystalline,  and  sufficiently  cloM  al 
hard  to  afford  marbles  susceptible  of  a  durable  polish.  U 
prevailing  colour  is  grey;  passing,  on  the  one  handi  i'l* 
greyish-white  and  yellow,  and  on  the  other,  into  greyisb-blit 
and  blaf k ;  occasionally  also  a  red  shade  of  colour  mi)  !■ 
observed.  Its  purest  beds  appear  to  contain  about  lifi  p" 
cent,  of  calcareous  matter  ;  but  by  the  admixtore  of  other  it> 
gredieots,  it  often  passes  into  magnesian  limestone,  fetra^if''' 
limestone,  bituminous  limestone,  and  fetid  limestone.  I' 
usually  presents  beds  of  very  considerable  thickness;  a  «*■ 
tiimoDs  series  of  which  often  extends  many  hundred  ittt  i> 


zlira 

o  liie  to-nlled  Aicti  formatiuoi,  and  agiioK  die  applln . 

principle  in  (hit  iniiance  wc  mu>t  enter  our  matt  decided  proleil,  i"* 
canoni  ot  DomcDcUluTC  can  be  more  poiitiTe  than,  lil,  lha[  nunad**" 
be  applied  in  tbe  leiuein  which  they  nerehnpoted  by  iheirorigUiiliiilt>'''> 
unleu  ibat  Knw  baibeen  modififd  by  common  eubtequeni  usa^;  iDdUII> 
that  where  9  name  include!  a  detcripcion,  it  ihould  not  be  applied  in  IB* 
where  the  implied  description  is  inapplicalile.  Niiw  with  regui  ta  " 
fint  of  theic  rulet,  Werner  ^nitantfy  applied  his  own  term,  •  firii*^ 
limeilone,'  not  to  our  carbonrferous  limcMone,  but  to  that  aisociuni  ^ 
the  bitaininoui  and  cupriferous  marle-«lale,  which  i>  now  generally  iiJo"D" 
to  be  coeval  with  our  newer  magneiian  limestone.  The  coniinenHl  unW 
'  whoemploy  this  icnn, still  ^aeralljrclainttiisxpplicatioD;  andnhculbil 
have  occasion  to  deKrilie  the  carboniferous  limestone,  appear  to  idetii" 
the  transiiion  series.  With  reference  to  the  sccoud  note,  we  must  oMrv 
that  the  earboniferoui  limntone  seldom  occurs  in  horizontal  or  fttru  f" 
tifieatiun,  being  mure  often  highlj  inclined.  In  difierent  countciet,  ^ 
ever,  the  ume  rocks  vary  113  much  in  (his  parricular,  that  it  ii  abnjrd  >< 
as%ume  it  as  a  basis  of  nomenclature,  otherwise  wc  mutt  bring  ouneim  n 
talk  of  the  "  hi^ly  inclined  Bocts  InneUonc  of  the  Jura  chain,  ftc.' 
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pth  without  the  intervention  of  any  other  rock,  the  strata 
ing  divided  only  by  thin  partings  of  clay;  but  sometimes 
s  seriet  exhibits  altempUions  of  varioas  heterogeneous  rocks, 
rticnlariy  toadstone,  grit,  and  shale ;  so  that  the  proportion 

the  limestone  beds  in  constituting  the  series  of  strata  here 
nominated  from  them,  as  its  characteristic  feature,  varies; 
fy  being  sometimes  exclusiTely  prevalent,  and  sometimes 
ming  little  more  than  one-third  of  the  whole  series :  occa- 
■imlly  also  the  limestone  beds  themselves  become  more  thinly 
afnated. 

Fhese  limestone  beds  contain  nodules  of  chert  disposed  in 
'^n  in  a  manner  precisely  analogous  to  those  of  flint  in  the 
Uk  strata. 

E%  b  a  prevailing  character  of  this  limestone  to  be  full  of 
v^ms  and  fissures.  All  the  caverns  in  this  island  (with  some 
(^trifling  exceptions  presented  by  the  transition  limestone 

l)evonshire,  and  the  new  maghesian  limestone  in  Somerset* 
one,)  occur  in  this  rock.  Rivers  which  flow  across  it  are 
Cm  suddenly  engulphed,  and  pursue  to  considerable  distances 
Uliterranean  course ;  and  the  hills  constituted  by  it  usually 
Ubit  rocky  dales  and  mural  precipices.  Hence  it  present^ 
K^  of  the  most  picturesque  and  romantic  scenery  of  which 
^l^knd  can  bo^t.  * 

^  *Ih£  following  informatioji  respecting  the  caverns  and  subterranean 

Skis  of  the  mountain  lime  has  been  extracted  from  the  Notes  obligingly 

^ID  the  Editors  by  Mr.  Greenough. 

•^vems  are  extremely  common  in  the  limestone  district.   The  following 

!>MiK9Qgst  the  most  remarkable  t — 

1^  Westmoreland,  there  is  a  great  cavern  in  the  main  limestone,  at  Dunall, 

^laUcs  from  Dufton. 

i^  Durham,  Hetherbum  cave,  near  Stanhope,  in  the  70  fathom  limestone, 

^  above  a  mile  underground. 

■^  Yorkshire.    Gigglewiclc  scar ;  Kingsdale ;  Wethercat  cave  near  Ingle* 

^  Tieirnbam's  mine,  and  Old  Cam  Rake,  Coniston  moor ;  Barei6ot^wive*s 

^  Hardrawldn.    In  West*s  guide  to  the  Lakes,  caverns  are  mentioned 

Mm  aames  of  Hurtlepot,  Sandpot,  Donk  cave  on  the  base  of  Ihglebortragb, 

1^  Kifk  cave  on  the  south-east  of  Whemstde,  Greenside  cave,  Cathnot 

■^  Hardraw  scar  near  Hawes  in  Wensleydale,  Alan  or  Alumn  pot  near 

^  ^iUage  of  Sebside,  Long  Chum,  Dickenpot,  Halpit  hole  and  Huntpit 

1^    In  the  Gentleman's  Magazine  for  1761  are  mentioned  others  by  the 

^as  of  Blackside  cove.  Sir  William's  cove,  Atkinson's  chamber,  Johnson's 

4kat  bole,  and  Gaper  Gill. 

bl  Lancashire.   Punald  mill-hole  near  Kellet,  eight  miles  from  Lancaster, 

^  the  road  to  Kirby  I^onsdale.     Yardhouse  cave  and  Gingling  cave  in 

fc^nlilf  ;  and  smaller  caverns  in  Yealand. 

pi  Derbyshire.    Bagshaw's  cavern,  south-west  of  Bradwell.    Bamford*. 

■4  aaar  £yam.     Bondog  hole  near  Wirksworth.    Charletwark  cavern 

^  Eyanif     Chelmerton  cavern.     Cresslow  mine  cavern.     Cumberland 

Itunand  cavern  near  Matlock.     Devil's  hall  in  Foreside  mine,  Castleton. 

>>CiJiole  cavern,  Dove«dale.    Drake  mine  cavern,    £ld«a  hoU  (;««  C«x-* 

«y2 
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(h)  Mineral  conlenla.  This  series  forms  the  prionpi 
()»-)>oKilary  of  the  British  Lead  mines  ;  those  of  Nonhuoibri 
Janii,  Durham,  York,  Derbyshire,  and  Some  net  shire,  tn  A 
silualed  in  itji  tt  alao  affords  ores  of  some  other  meUb;  tl 

tott.Phil.Tf»ni.  &Rr«).  Oolconda  near  Hoptm.  Koowlacnintaien 
Merlin'i  c»ve.  Orchard  mioe  lavern.  Peaks  hole,  Caidctoii  (t:>I«itt,p 
534.)  Placket  mine  cavern.  Puol'i  bole,  Bumou  (Catcolt,  p.  33^)  Sn 
itt  mine.  Reynard's  hall  and  caie  in  Tlove-dalc.  Specdurdl  or  Nanpl» 
mine  ca veto,  Catlleton. 

In  Staflbrdiliirc.  Thor'i  house,  or  Thynia  cave  in  Wotioo  dale.  Kala 
and  Ruden  c>v«  near  Caldeo  here  receive  the  w*ten  of  the  Manirold,  tit 
Ludchurch,  between  Switbamley  and  Whumford,  is  IJOB  jmAs  iongaoK 
or  50  deep,  (Ploil.)  Hobchurch  cave  near  Weltoa  mill.  And  PUxi  aa 
lioni  caves  »1  Wharoford,  nor[h-eaH  of  Leek;  a  largt  one  at  Yelpet* 
Tor;  one  at  Kinure;  under  Kinfare  edM;  at  Holloway  near  Srour^i^ 
and  under  Peakstonei  in  Olvcrlun  parisK  under  Long  Hurah  bill. 
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by  «ime  lutpeclcd  to  be  the  working  of  an  old  mine :  aud  there  an  lif 
caverns  near  Colford,  which  serve  to  ventilate  the  mliiM. 

tn  Somerscttbirc,  Lockston  cavern  and  Banwell  cavern,  I^miiniitrl. 
west  of  Wokej,  {see  Ph.  Trans,  by  Lowlhorp,  vol.  a,  p.  368.)  Thertw 
alio  caverns  in  Charlerhouse  hberly,  Mendip,  and  Green-ore  tarm,  1  mile 
from  Wokey ;  and  acave  called  the  Lamb  cavern  near  Eau  Harpiret. 

Subierranean  riverg  are  frequent  all  over  the  Eimeitone  district.  Svdiin 
the  Manifold,  which  paues  beneath  the  HmeatoDl  lulU  abdut  ihnt  aJi 
•outh-wesi  of  Eclon  mine  in  Staffordshire,  and  after  tnveniiig  a  a<M 
tlirough  the  base  of  the  limestone  hi!U  Four  miles  in  Ieng;ih,  re-apponMi 
Ham.  The  Hampi  river  also  bmka  out  Dear  the  tame  place  (^rer).  Tk 
Ribble  is  alio  aa  underground  n'vari  ai  also  is  the  Greta  (GoUbk^IM 
Hi)t.)  Such  alto  are  Ilortou  Beck,  and  Braniil  Beck,  at  the  foot  c(  M^ 
gant  in  Yorkshire.  The  itruim  which  forms  the  cataract  in  ]|]ii<ail 
mine  near  Caitleton,  is.  according  to  the  iubabiianta  of  that  [^ce,  p«<* 
to  be  the  tame  »  the  stream  which  travenei  the  Peak  cavern  at  ihtt  piw 

Thest .-■-...--     t _^ 


.  -1  The  tollowing  notice,  cominuiiioted  by  Mr.  John  Taylor,  of  ibe  p* 
dure  of  lead  in  Engtaod, maybe  hereappropriatelT  introduced.  WbrttW 
asterisks  (")  are  prefixed,  the  tnion  belong  entueiir  to  the  cailuuilW 
aeries:  where  a  single  aaierUk  (•)  they  are  partly  m  tbeM  and  f^'* 
-other  fbnnationi:  where  po  aNenik,  entirely  is  other  rotka. 
In  rooRd  nnmbers  the  animal  produce  is  a*  follows,— 

Enclahp — **Durhain,  Cumberland  &  Yorkahire  Tiu  ]9/X» 

"Derbyihite,  probably  ....' „      IpM 

'Shropshire ^        goO 

Uevon  and  Cornwall  (craniitkio  and 

primitive  rpcki) „        BOO 

— ; — ~  stfia 

*W*i,M (FlinUlure  and  Pcnbigfashire] 7,SIB 
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le  following  minerals  haTe  been  found  in  it  more  or  \ei$  abta* 
intly ;  snlphnret,  cariMHiate,  and  phosphate  of  lead ;  aoti« 
loniated  lead  ore;  silphuret,  and  carbonate  of  copper; 
ilphnret,  carbonate  and  oxide  of  zinc ;  iron  pyrites,  hvmatitic 
on  ore,  and  also  exide  of  iron,  disseminated  in  beds  of  ferni« 
inoos  limestone  associated  with  pearl  spar  and  brown  spar, 
lany  varieties  of  common  calcareous  spar,  arragonite,  many 
irieties  of  flnor,  selenite,  carbonate  and  sulphate  of  barjrtes, 
ilphate  of  Btrontian,  quartz  crystals  (Derbyshire  and  Bristol 
iamonds).  Bitumen  is  also  found  filling  cavities  in  this  limo' 
id  associated  with  the  vein-stones,  particularly  the  elastic 
iriety,  though  not  so  commonly  as  in  the  shale  of  the  preceding 
iHes.  If  we  include  the  minerals  contained  in  the  trap  rocks, 
Hnetimes  alternating  in  this  series,  we  must  add  zeolite,  onyx, 
[id  perhaps  alabaster  to  this  list. 

(c)  Organic  remains.*  The  animal  remidns  preserved  in 
le  carboniferous  limestone  are  strongly  distinguished  from 
lose  of  the  oolitic  series  and  lias,  belonging  in  a  majority  of 
istances  to  entirely  distinct  genera.    These  genera  are  veiy 

The  ores  in  Durham,  Cumberland,  and  Yorkshire,  are  generally  smelted 
f  blast  furnaces  on  the  mines,  as  at  Alston  moor.  Wear  dale,  Arkendaie^ 
reenhoe  hill,  Grassington,  &c. :  in  general  these  ores  contain  very  little 
!ver,  and  refining  them  is  not  much  practised.  Uome  lead  is  however  re- 
led  for  silver  by  the  London  Lead  Company,  and  perhaps  by  some  othen. 
It  I  do  not  know  to  what  extent. 

In  Derbyshire  the  lead  ores  are  smelted  by  persons  who  own  smelting- 
Nfses  witn  reverberatory  furnaces,  and  who  buy  the  ores  of  the  miners. 
bere  are  not  more  than  three  or  four  of  such  now  at  work,  and  I  do  not 
low  of  any  silver  refinery. 
3hropshire  I  know  nothing  of. 

Devon.  Huel  Betsey  lead  mines  ores,  smelted  on  the  spot,  and  silver  ex- 
acted ;  produce  19  ounces  per  ton.  Beeralston  ores,  smelted  at  Bristol, and 
Iver  extracted ;  80  to  100  ounces  per  ton. 

Cornwall.  Sir  C  Jlawkins  mine  near  St.  Michael's,  ores  smelted  and  re» 
led  on  the  spot,  produce  of  silver  said  to  be  SO  to  40  ounces  per  ton. — 
loel  St.  Vincent  silver  mine  in  Calstock,  it  is  said  has  produced  1000  lbs 
*  silver  in  a  very  few  months.  Ore,  Horn  silver  (Qu.)  and  native,  refined 
1  the  spot.  ^ 

Wales. — ^Th^re  afe  several  lead  smelting  houses  in  Flint  and  Denbigb- 
lire  (reverberatory  furnaces).  Lord  Grovesnor's,  M.  Roskill's,  and  othen 
rar  HoWwell.  Mr.  Jones  near  Mold,  Messrs.  Hunt  &  Co.  at  Minenu 
)me  smelt  their  own  ores,  and  others  punchiase  of  the  miner.  Very  little 
Iver  extracted. 

Scotland--!  do  not  know  much  about,  but  believe  the  ores  are  smelted 
Lead  Hills. 

*  We  have  to  acknowledge  the  kind  assistance  of  Mr.  Miller,  who  hat 
imished  several  important  additions  and  corrections  to  this  list.  The 
slerences,  when  not  otherwise  specified,  are  as  usual  to  Sowerby*s  Min. 
onchology.  Martin's  Derbyshire  Petrifactions  has  been  cited  for  jofae 
>evtes  not  yet  figured  in  the  former  work. 
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^neratlj  common  to  this  and  the  transition  Umestone,  vii 
many  species  arc  also  common.  In  this,  aa  in  eierj  otlin: 
respect,  its  alliance  is  much  more  close  with  tlie  older,  than  vitli 
(he  more  recent  deposits ;  and  were  it  not  preferable  to  roD* 
■titote  a  dUlinct  class  for  the  reception  of  the  carbonifciou 
serips,  if  ought  undoubtedij  rather  to  be  referred  to  the  trana- 
tion  suite  than  any  more  recent  ortler. 

Vertebral  remains  are  very  rare.  Of  Testacea  though  ih* 
species  are  many,  the  genera  are  comparatiTely  few  ;  while  Iba 
Zoophi/lal  families,  particularly  Eticrinitet  and  CoraUilti  tn 
in  the  greatest  profusion. 

To  proceed  to  particulars. 

Vertebrw  of  fish,  Sharti  teeth,  and  many  singular  palatd 
iritoret,  and  the  radius  of  a  BaliileSy  exhihit  proofs  of  the  exitt- 
encc  of  vertebral  animals  in  this  formation.'!' 

Of  the  Crutlaceoui  tribe,  Triiobiles  are  found  in  tliis  fcr- 
inatioi),  as  in  the  trautilioa  limestone ;  but  the  species  an 
apparently  distinct :  one  of  these,  Oniscites  Derbiensis,  '» 
figured  in  Martin's  Derbyshire  Petri  fact  ions,  P.  45.'  1  &  3. 
P,  45.  1  &  9. ;  and  anolhcr  species,  as  yet  undcErribed,  occuf 
iu  the  carboniferous  limestone  near  Bristol,  whose  trausvcra; 
folds  are  tuberculated. 

CuAMBEREn  Univai.vg«. 

Ammonites  sphtcricus     T.  53,  (ig.  2. 
^.  striatus,     T.  63,  fig.  1. 
jf.  Luidii.     Martin's  Pet.  Dorb.  T.  36,  fig.  1. 
Naulilui  discus.     T.  13. 

JV.  pentagorus.      T.  249,   fig.  I. 
N.  bilobalos.'    r.  261, 
*  N.  complanatus,      T.  80,  fig.  5.  i 

Orlhocera  Breynii.     T.  60,  fig.  5. 

O.  undulBla.     T.  59.  I 

O.  gigantca.     T.  24B. 
O.  coidiformis.     T.  247. 
Some  of  the  Orthoceratitei  nearly  resemble  the  alveoli  ot 
common  belemnites ;  but  the  occurrence  of  true  belemnilet  in 
this  rock  appears  doubtful. 

Ctinularia    (a  conical    shell  divided    by  Imperfect 
septa)  C.  quadrisnlcata.     T.  3fi0,  fig.  3  to  0. 
C.  Teres.     T.  260,  fig.  1.9. 

*  Mr.  'Whiiehunt  (Theory  of  the  Earth)  menlloDi  the  itiiconf7  ot 
>  crocodile  in  thii  fornialioii  in  Derbyihire ;  hiving  mxle  CDitoirin  tn  lliit 
•nunty  TOnectine  the  •pecimen  alluded  lo,  we  have  been  infonoed  ihil  l 
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Euoumhabu  oUUlos.     T.  46,  fig.  3.  4. 

JS.  oodosoi.    T.  46. 

£•  pentangolatiu*  T*  45* 
Cirrut  acntits.  T.  141 ,  fig.  i. 
Neriia;  of  this  genus  foar  fpecies  occnr^  ti^  jet  on* 

described. 
Helix  carinatiis.     71 10,  n. 

cirriformis.     T.  171,  fig.  3. 
striatns.     T.  171,  fig.  I. ' 
NmUme$  9  hialcns.    Mart.  P.  40,  fig.  1  &  S.  It  liii 

no  chambers,  and  mast  according  to  Mr.  Miller 

form  the  type  of  a  new  genus. 
3fe2an/a  constricta.     T.  218,  fig.  2. 
Turbo. 
Planorbii?  equalis.      T.  140,   fig.  1.     Mr.  Miller 

considers  this  shell  \jo  be  rather  a  depressed 

variety  of  Ctma  acntus. 

BiYALYES  EQUIYALYXD. 

Modiola* 

Cardhitn  elongatnm.     T.  8^,  fig.  3. 

BiYALYES  UNEQUIYALYED. 

Terebraiula  cnimena.     71  83,  fig.  2.  3. 

T.  lateralis.     T.  83,  fig.  1. 

T.  bipUcata.     T.  00,  fig.  1. 

r.  Wilsoni.     r.  118,  %  3. 

71  Mantiae.     T.  277,  fig.  1. 
Spirifer  cuspidatas.     T.  120. 

AtrigonaUs.     7\  265. 

S.  oblatos.     r.  268. 

S.  glaber.     T.  269,  fig.  1.  2. 

5.  obtusos.     T.  269,  fig.  2.  4. 

S.  striatus.     7.  270. 

S.  pmguis.     T.  271. 

jS^.  triangularis.     Mart.     T.  36,  fig.  2. 
Producia  aculeata.     7*.  68,  fig.  4. 

P.  scabricula.    T.  69,  fig.  1. 

P.  Flemmgii.     T.  68,  fig.  2. 

P.  longispina.     T.  68,'  ^.1.    *  ' 

P.  Scotica.     jT.  68,  fig.  3. 

P.  spinosa.     7*.  69.  fig.  2. 

P.  spinulosa.     7*.  68,  fig.  3. 

P.  striata.    Martin's  Oerb.  fossils.  T.9St^fA. 

P.  gigantea.    Mart.  Ft.  15. 

P.  crassa.    Hart.Pt.  4;  10». 
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Rrmaiiis  of  the  Echini  are  occasionallj  found,  hat  rarely: 
among  (hpse  ihe  plates  and  spines  of  a  peculiar  species  or  Ciduii 
may  be  dittinguUhed.  Mr.  Miller  has  observed  a  new  f,mu 
nearly  allied  lo  the  Echinus,  but  differing  from  it  in  the  greater 
number  of  plates  in  each  area :  to  this  he  has  given  the  ainK 
of  Iljfilrici/et.  The  foasit  from  Kentucky  figured  in  Parkiasin'i 
Organic  Hemain.^,  vol.  '3.  plate  13.  fig.  36.  among  the  EuirnnilFt 
also  appears  to  be  allied  tu  the  Echini,  and  occiira  id  this  br-   : 

Tt  appears  from  Mr.  Miller's  work  on  Encrinites  that  the  Tul.   I 

lowing  K<^"<''^  and  speciet^  of  (hat  iiitere«tiiig  family  occur  iu  il)i>  J 

foimatiun.  f 

Poterioerinites  crassus 

Vlat^crinitet. .  Imvis 

ragoaus 
taberculatas 
gnuiulatus 
striBtus 
pentaiigularis 
Cgalhocrimtes    Ixvti 

tuberculalus 
quinquungularis 
ActmoainUei. .  Triacontadactylui 

Polydaclylus 
Rhedocrinites . .  verus  t 

quiiiquangularis 
besides  fragments  of  soma  other  varieties  not  sufficinOj 
complete  to  be  ascertained. 
All  these  species  are  distinguished  from  those  occurring  in  Ae 
lias  and  more  recent  beds,  by  the  thinness  of  the  ossicula  foRD- 
iiig  the  cup  containing  the  riscera,  &c.     In  the  more  recrnt 
varieties  (if  the  term  may  be  allowed)  these  pieces  form  thick 
wedge-like  joints,  adhering  by  broad  articulating  surfaces;  bat 
in  those  above  etiumerated  they  consist  of  thin  plates  adhering 
by  sutures  only  :  of  course,  in  proportion  as  the  shell  summa^ 
ing  the  abdominal  cavity  is  thus  reduced  In  thickness,  the  iatc- 
Tier  cavity  becomes  more  enlarged. 

Many  of  the  same  genera,  and  sonie  of  the  same  species,  ire 
found  in  transition  limestone;  so  that  in  this  class,  as  io  the 
Testacea,  a  greater  alliance  exists  (as  far  as  regards  the  organic 
reniMns)  between  the  carboniferous  limestone  and  the  Iransilion 
formations,  than  with  those  of  more  recent  origin. 

Fignres  exhibiting  the  whole  anatomical  detail  of  all  ibew 
species  will  be  found  in  Mr.  Miller's  work  above  referred  U* 
which  from  Us  accurate,  precisej  and  scientific  views,  yieldi 
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jBiUy  to  the  reaearchefof  M.  Cuvier  on  the  foiui  nmalni  of 
4(ivtebnl  ■aimeli. 

^ifFtom  the  abaadanoe  and  varietj  of  these  remainfl,  the  name 
Jpcrtwrt f  Umeitone  haa  often  b«en  giveo  to  thU  formation. 
ywfCoraUoid  remains  are  eqmiUy  plentiful ;  but  here  we  have  to 
t^g/rmt  the  want  of  any  work  which  can  afford  any  thing  like  a 
MBpIete  enumeration  of  the  fossil  species,  and  our  list  must  be 
fbfoetore  yery  imperfect. 

Car^ophyttaiu.    Knorr.  yoI.  2.  G.  1.  fig.  1. 

Park.  Or.  Rem.  vol.  2.  T.  6.  fig.  8. 
Thrbitwiia.  Park.  Or.  Rem.  yoI.  3.  T.  4.  fig.  1. 2.  3. . 

Astrea  basaltiformis.     Lithostrotion.  Luid.  T.  U, 

and  3  ondescribed  species. 
Favosiies  ramosus.     Luid.  T.  3.  fig.  05. 
Tubiporasf     Park.  Or.  Rem.  ?ol.  3.  T.  1.  fig.  1. 

T.  1.  fig.  1. 
T.  3.  fig.  1. 
Rsitpora.    Martin's  Derbyshire,  T.  43.  dg.  1  &  2. 
Milleporites  flustriformis. 
frustulata?  Larok.  flabelliformis.  Miller's 

Mauusc. 
An  elegant  flexible  Coral,  belonging  to  Lamonroux  5th 
Diflsion,  occurs,  tbough  rarely,  in  the  mountain  lime- 
stone near  Bristol,  wliich  serves  as  the  type  of  a  new 
genus  named  Fenesirella  by,  Mr.  Miller. 
Vegetable  remains  corresponding  to  those  of  the  coal*measores 
occasionally,  though  rarely,  found  in  the  upper  beds  of  this 
^■rnation*. 

•:  When  the  organic  remains  of  this  formation  occur  in  the  cherty 
Vds  associated  in  it,  the  testaceous  matter  of  the  original  has 
aloMMt  always  disappeared,  bearing  only  a  siliceous  cast. 
...(d)    Ramge  and  exieni.   See  the  local  details  in  the  ensuing 
dkapten. 

(e)  Height,  We  also  refer  to  the  ensuing  chapters  for  the 
pMtioafain  relating  to  this  head,  observing  generally  that  this 
lineatone  commonly  constitutes  hilly  and  even  mountainous 
tracts,  many  eminences  formed  by  it  exceeding  1000  feet  above 
the  tea  level ;  hence  it  has  been  often  designated  as  the  Afoim- 
iafm  Usueiiame,  It  is  generally,  however,  overtopped  by  the 
ranges  of  the  superjacent  inillstone-grit. 

QfJ  I'Mekness.  The  thickness  of  this  series  is  very  con- 
siderable, ceitainly  exceeding  in  some  instances  000  feet ; 
Irat,  like  every  other  formation,  it  is  very  variable  in  this 
reipect. 

(f )  IneUnaiitm.  The  strata  of  this  formation,  like  those  of 
the  .mpeijacent  grit  and  coal-measures,  are  often  highly  in- 

3z 
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cHned  ;  this  is  especially  the  case  In  the  soath-wcrstem  cM 
ties,  where  they  Bometimes  hecome  perfectly  Yerfictl.  Ik; 
tometimes  present  Inarched  or  saddle-shap^  cvrmtorei,  th 
point  of  the  arch  heing  unhroken,  which  pfores  that  the  wtm 
mnst  have  heen  to  a  certain  degree  soft  and  pfiant  Whea  tie; 
assamed  this  form.  Contortions  are,  as  we  have  hefsie  si 
aenred,  less  nsual  in  these  more  solid  strata,  than  in  the  teadft 
and  yielding  heds  of  the  coal-measnres ;  yet  sach  sboetei 
occnr,  especiaUy  where  the  limestone  beds  are  thin  and  lH» 
nate  with  shale.  Instances  may  be  seen  on  the  aonthen 
of  Pembrokeshire. 

Extensive  faults  trarerse  this  formation.* 

When  the  beds  of  this  limestone  run  thick,  and  are  wi 
separated  from  each  other  by  argillaceous  partings,  ftiscAa 
extremely  difhcolt  to  ascertain  its  stratification,  a  rock  if  I 
under  these  circumstances  often  appearing  at  first  sight  if^i 
▼ast  unstratified  mass:    a  careful  examination   will  hovear 
generally  detect  the  direction  of  the  planes  of  stratllcidaiii 
some  part  of  it ;  and  when  this  clue  is  once  obtained,  and  th 
eye  is  kept  constantly  directed  to  the  face  of  the  roclL,  io  Ina 
paraliei  to  those  planes,  the  stratified  structure  of  the  iM  |' 
seldom  fails  to  develop  itself. 

{h)  Agricultural  character.  The  eleyated  and  expow 
situation  so  generally  occupied  by  this  formation,  hasoccaaoon 
the  greater  part  of  the  districts  in  which  it  prerails  to  remiia' 
an  uninclosed  and  unimproved  state ;  and  the  surface,  l^coS 
generally  covered  with  large  rocky  fragments,  requires  ow 
labour  to  clear  it.  Mr.  Farey  observes  that  the  nibble*' 
debris  on  the  limestone  tract  produce  good  pasture  land^ 
limed,  without  which  great  part  of  these  lands  would  be  cw*"  I 
with  unproductive  heath.  .  •     1 

(t)  Phoenomena  of  springs.  Where  the  beds  of  thi^^^i 
stone  alternate  with  argillaceous  strata,  the  latter  tb^^"*^ 
the  waters  in  the  usual  manner ;  but  where,  as  is  rao'^^^juS? 
the  case,  the  series  consists  exclusively  of  calcareous  ^^'vLd 
tending  to  a  great  depth,  water  is  of  very  uncertain  an<**" 


*  Some  of  these  derangemenU  appear  to  be  of  a  magnini^ 
almost  startles  the  imagination.    At  the  foot  of  Ingleborouj^  is  ^ 
mass  of  coal-measures  at  the  base  of  the  whole  limestone  serie- 
therefore  seems  to  have  taken  place  equal  to  the  whole  thickn^^^^ 
series.     Mr.  Farey  describes  the  western  edge  of  the  Derb/shire  9 

tract  as  abutting  against  a  similar  fault   which  must  exceed 
In  Somersetshire,  near  Clevedon,  a  large  tract  of  limestone  cove 
coal-measures  appears  to  have  subsided  to  such  an  extent,  that  h0 
the  strata  of  this  tract  crop  out  three  miles  to  the  west  of  the  nw 
to  which  they  must  have  originally  appertained.  Undnbtions  are 
combined  with,  and  extend  the  effects  of,  the  faults  ia  some 
instances. 
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irrence.  The  rains  which  fall  on  it  (and  frequently  also 
ings  which  flow  from  other  strata  over  it),  sink  through 
lerous  fissures,  and  form  subterranean  streams  flowing 
i  the  many  caverns  with  wMcb,  as  we  have  already 
.,  it  abounds.  A  bed  of  shale,  which  separates  the 
ne  from  the  old  red  sandstone,  throws  out  its  springs 
jitly.  The  following  particulars  are  extracted  from  Mr. 
mgh's  Notes. 

igs  rarely  appear  on  the  sides  or  summits  of  limestone 
lut  break  out  in  great  numbers,  and  often  with  extraor- 

impetuosity  round  their  bases.  Of  this  nature  is  the 
ited  spring  of  St.  Winifred  at  Holywell  in  Flintshire, 

in  all  probability  at  the  point  where  the  linestone  first 

in  contact  with  the  coal-measures.  The  quantity  of 
thrown  up  by  it  is  84  hogsheads  per  minute,  and  though 
ream  haa  little  more  than  a  mile  to  run  before  it  arrivee 
sea,  yet  eleven  mills  are  put  in  motion  by  it,  of  which 
ire  placed  abreast.  There  is  another  very  powerful  spring 
same  neighbourhood  dedicated  to  St.  Osward ;  and  still 
T  called  St.  Mary's  Well  rises  at  the  temperature  of  51*. 
(collection  of  every  one  who  has  passed  along  the  confines 

limestone  district  will  supply  him  with  many  analagoos 
:es.  About  Denton  in  Yorkshire,  the  roaring  of  the 
\  is  incessant. 

«  of  these  springs  vary  very  little  in  quantity,  either  im 
Its  or  after  the  heafiest  rains;  others  again  are  inter* 
g.  The  most  celebrated  of  these  occurs  at  the  foot  of 
eswick  Scar  on  the  road  from  Settle  to  Kirby  Lonsdale* 
bbing  and  flowing  well  in  Derbyshire  is  supposed  by  Mr. 
to  be  artificial. 

)  hot  springs  at  Ikixton,  Matlock,  and  Clifton  are  npon 
beds. 

Hne  is  no  water  more  apparently  pure  and  pellucid  than 
hich  is  furnished  by  this  limestone,  which  howe? er  holds 
iderable  quantity  of  calcareous  matter  in  solution.  The 
ADufactorers  always  use  it  in  preference  for  grinding  their 
Conceiving  that  it  is  less  liable  to  produce  rust  than  any 
If  obliged  to  use  other  water,  they  put  a  piece  of  lime 
before  they  venture  to  dip  their  steel.  Where  the  cur- 
Blow,  the  calcareous  matter  subsides ;  hence  the  stalac* 
i^  common  in  limestone  caverns;  hence  the  properly 

seifend  streams  possess  of  incmsting  sabstaocea  over 
t.hey  flow ;  such  as  the  streams  at  Smedley's  mine  neav 
Ic  (Phil.  Tmns.  vol.  8.  p.  406.),  at  Alport  near  TonU 

little  Longs^en,  Crosabrook  dale,  Slatey  and  Ston^ 
^t9B  in  Perby8l)ire« 
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Section  V. 

OLD  USD  SANDSTONE- 

The  Carboniferous  limestone  is  sometiraes  separated  frva 
thii  rock  by  a  thick  shale  much  resembling  that  associated  with 
the  millstone-grit;  this  may  be  distinguished  as  the  teer 
limestone  shale, 

(a)  Chemical  and  external  charaeiers.  Tlie  old  red  sud- 
stooe  is  a  coarse-g mined,  micaceous  sandstone,  eTidentlj  d 
mechanical  origin,  constituted  apparently  of  abraded  quarti, 
felspar  and  mica,  and  containing  frdgmenttf  of  quartz,  clay-slate, 
flinty-slate,  &c. ;  sometimes  passing  into  the  state  of  a  qnaiti- 
ose  conglomerate,  sometimes  possessing  a  structure  roanriy 
schistose  (and  thus  affording  slates  for  paving),  and  sometinws, 
particularly  towards  its  lower  regions,  becoming  finely  icbis-' 
tose,  and  pas:sing  into  a  fine-grained  micaceous  sandstone  sbte. 
It  alternates  with  argillaceous  beds,  sometimes  soft  but  moit 
usually  imluratcd  and  often  slaty ;  the  colour  is  usually  diitj 
iron-red  or  dark  brown,  but  sometimes  passing  into  grey.  It 
approaches  in  its  lowest  beds  very  nearly  to  the  characters  o( 
the  greywacke  upon  which  it  reposes,  and  inde€»d  gradoatfi 
insensibly  into  that  rork  ;  so  that  the  line  of  separation  betwees 
tiiem  is  frequently  only  an  imaginary  and  arbitrary  demarcation. 
This  rock  contains  in  several  places  calcareous  concretions 
which  produce  a  rock  of  a  pseudo-brccciated  appearance,  knora 
by  the  name  of  Corn^stonc  ;  and  has  also  some  unimportant  beds 
of  limestone  subordinate  to  it. 

The  superior  consolidation  of  many  of  the  beds  of  this  rork 
will  generally  serve  to  distinguish  it  without  much  difficoltj 
from  the  newer  red  sandstone,  when  a  tract  of  any  extent  b 
examined  ;  for  although  doubt  may  often  remain  from  the  ex- 
amination of  a  single  quarry,  more  extensive  observation  of  the 
general  features  of  a  district  will  seldom  leave  any.  Rock 
formations  usually  bear  external  marks  of  their  relative  an- 
tiquity, which  the  eye  of  the  experienced  geologist  readily 
perceives.  It  is  more  difficult  to  distinguish  this  rock  from  the 
sandstones  of  the  millstone-grit  series,  and  those  alternating 
with  mountain  limestone ;  and  in  fact  it  can  only  be  considered 
as  a  lower  link  in  the  great  chain  of  beds  to  which  tho5e 
belong;  its  prevalent  and  characteristic  colour  forms  its  best 
distinction. 

{b)  Mineral  contents.  No  important  minerals  yet  appear 
to  have  been  procured  from  this  series;  pyrites,  calcareoaf 
si)ar,  common  and  tibjou>,  ai:d  '.ulphutc  of  btrontlau  sometimes 
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[c)  Organic  remains.  It  is  geneially  destitute  of  organic 
laiiis;  but  towards  its  lower  regions,  where  it  approaches 

limestone  of  the  transition  scries,  some  beds  of  micaceous 
dstone-slate  occur,  containing  anomiae  and  encrinites  similar 
those  in  the  transition  limestones,  wh\ch  will  be  described! 
rafter.  Vegetables  similar  to  those  of  the  coal  are  said  in 
ae  instances  to  occur. 

[d)  Range  and  extent  The  particulars  falling  under  this 
id  will  be  given,  together  with  the  local  details,  in  the 
luing  chapters.  It  may,  however,  be  here  stated  generallj, 
it  this  rock  is  most  abundant  in  the  vicinity  of  the  south- 
stem  coal-fields,  especiaUy  that  of  South  Wales,  adjoining 
which  it  forms  an  immense  tract  in  Brecon,  Monmouth,  and 
irefordshires,  occupying  the  whole  of  the  latter  county ;  in 
i  other  coal  districts  it  is  only  of  partial  and  limited  occur- 
ce. 

{e)  Height.  The  old  red  sandstone  frequently  forms  moun- 
ns  between  two  and  three  thousand  feet  above  the  sea  level ; 
this  respect  it  yields  only  to  the  transition  and  primitive 
lins  of  this  island,  surpassing  those  of  every  other  formation. 
(f)  Thickness,  In  the  borders  of  the  forest  of  Dean,  this 
mation,  there  interposed  between  the  carboniferous  and  tran- 
ton  limestone,  exceeds  2000  feet.  In  Herefordshire  and 
ie'cou  its  thickness  must  be  considerably  greater  than  eveii 
8,  while  in  some  parts  of  Gloucestershire,  near  Tortwortb^ 
cannot  exceed  two  or  three  hundred  feet. 
C^)  Inclination,  The  remarks  already  made  with  regard  to 
i  monntain  limestone  may  be  considered  as  equally  applicable 
this  also,  both  being  conformable  inter  se. 
(^)  Agricultural  character.  Where  argillaceous  beds  alter- 
te  with  this  rock,  it  often  affords  a  very  fertile  soil,  as  the 
h  fields  and  luxuriant  orchards  of  Herefordshire  abundantly 
tify ;  but  where  the  sandstone  exclusively  prevails,  sterile 
aths  are  the  result :  the  summits  of  mountains  of  this  for- 
ition  are  usually  covered  with  mosses. 

(f)  Phosnomena  of  water.  Springs,  usually  descend  from 
e  morasses  on  the  hills  of  this  formation,  and  the  argillaceous 
ds  alternating  in  the  series,  are  in  general  sufficiently  fre- 
ent  to  occasion  such  a  distribution  of  the  rain  waters  perco- 
ing  through  the  sandstones,  as  brings  them  within  the  reach 
wells  of  no  great  depth. 

Sach  is  the  general  outline  of  the  four  series  of  rocks  which 
e  usually  associated  in  the  districts  afibrding  coal ;  and  it 
ill  be  seen  in  the  following  survey  of  our  coal-fields,  that 
Ith  very  few  exceptions,  each  of  these  series  is  of  constant 
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pccurrence  in  all  sach  districts,  (that  is^  limiting  the  o^Mtr* 
nation  to  England) ;  and  that  wherever  they  occur,  they  naU 
fonnly  succeed  each  other  in  the  order  above  described ;  hat 
although  a  general  identity  of  stractnre  is  thus  apparent  in  til 
our  coat-fields,  yet  in  the  detail  there  exists  much  local  varietj. 
This,  indeed,  is  the  general  compleiion  of  all  geological  analo- 
gies :  beds  which  occupy  the  same  geological  position,  vsoallj 
present  a  near  resemblance,  if  conaidered  oa  the  great  scale ; 
^l\ject  to  much  difference,  if  examined  more  minutely.  TW 
aggregate  series  of  strata  is  marked  by  permanent  featores,  bit 
the  ind^f  idual  strata  composing  that  aggregate  qndeigo  (le^jaeot 
changes ;  for  instance,  the  first  series  of  rocks  alcove  deacnM 
(that  of  the  coal-measures)  viewed  as  9A  whole,  is  an  ooifoni 
fssemblage  of  alternating  strata  of  coal,  shale^  grit,  and  ina> 
stone.  Bat  any  attempt  to  trace  any  individaal  atratnm  of  tha 
above  substances  to  a  considerable  distance,  even  in  the  sm 
coal-field,  is  usually  vain ;  and  much  less,  can  the  sane  wA 
^idual  strata  be  recognised  in  different  coal-fields.  The  strais 
of  the  mountain  limestone  series  are  far  more  uniform  tkia 
those  of  coal ;  and  yet,  as  we  shall  presently  see,  these  appesi 
at  one  extremity  of  the  same  range  of  mountains,  under  tki 
form  of  a  thick  series  of  limestone  beds,  divided  only  by  thies 
alternations  of  toad-stone;  while  at  the  opposite  extremitjrf 
the  chain  they  are  divided  into  numerous  beds  of  much  lea 
thickness,  separated  by  alternations  of  grit  and  shale.  TUi 
kind  of  general  resemblance  and  partial  difference  is  indeei 
exactly  what  we  should  be  led  to  expect,  whatever  hypotbciii 
of  the  formation  of  these  strata  we  may  adopt ;  for  it  seeai 
impossible  that  any  general  causes  which  could  be  supposed  ta 
act  in  the  formation  of  strata,  should  not,  while  prevailing  orer 
extensiTe  tracts  of  country,  have  had  their  effects  modified  by 
many  local  circumstances. 
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imtrodadmy  view  of  ike  genered  fi&ime$  of  ikU  dkMd. 

Hsring  fai  tiie  preoediog  chapter  sketched  the  general  ttine^ 
rm  iuid  aiTuigemeiit  oommQii  to  all  otir  coal-fields,  we  maj  now 
MBoed  to  c<msider  the  disposlticAi  of  the  several  component 
iet  of  rockk  in  the  Tarions  particnlar  districts ;  following  the 
rinloB  before  sn^iested,  which  will  lead  ns  io  begin  with  the 
BRt  northern  coal  district,  including  all  the  coal-fields  nortk 
tile  Hrers  Trent  and  Mersey,  as  far  as  tlie  Scotch  border. 
Tiiii  district  is  trsTersed  longitadinally  bj  a  grand  central 
■In  of  moontains,  extending  north  and  sonth  from  the  borders 
Soothmd  to  the  centre  of  Derby^ire ;  the  different  portioni 
this  chain  are  at  present  known  nnder  Tarlote  local  names^ 
A  :the  Roman  Golonisti  of  Britam,  whose  attention  so  pro^ 
aent  a  feature  in  the  physical  geograpliy  of  the  island  conld 
^  Ascape,  denominated  them  the  PBNINE  ALPS,  as  appears 
Moa  the  following  passage  in  Richard  of  Chrenoester's  descrip-d 
in  of  the  Roman  state  of  Rritain;  he  is  tr^tingof  the  RomaH 
Mrlnoe  MakiiiA)  which  includes  all  the  northern  conntiei 
pteeent  England^  <^  Totam  in  seqnales  fere  partes  proTiiiP* 
MB  dlridunt  montes  Alpes  PeUini  dicti.  Hi  ad  flnTiaai 
4ovMmi  {The  Trbut)  snrgentes,  contmuH  serie  per  150 
Uinrla  septentrionem  versus  decumint."  This  appellatioit 
m  probably  deriTed  from  the  British  term  Pnr,  head  or  wmm* 
Ity  which  enters  so  commonly  into  the  composition  of  tho 
lUes  of  the  hills  amidst  which  that  language  is  still  spoken^ 
if  width  may  be  traced  in  some  names  e? en  in  this  chain,  e^g. 
snygent,  Pendle  hill,  A;c.  though  usually  superseded  by  mom 
eewt  Saxon  terms,  as  Fell,  ftc.  This  appellation  was  also 
iiiAar  to  the. Romans,  t&  the  crest  of  the  Alps  near  Mount 
.  Bernard  was  anciently  designated  Alpes  Peninse  ;  howeTer 
Is  inay  be,  it  will  be  useful  to  distinguish  this  ridge  of  moUBi« 
tm  by  some  eeUecti¥e  appellation ;  and  as  they  hare  dearlf 
title  to  this,  as  their  earliest  known,  if  not  tiieir  origimft 
rtKnation,  we  shall  therefore  henceforth  ctll  them  the 
iWINE  CHAIN.  The  partkmlar  names  of  the  principal 
nettdts  of  this  chain  will  be  enumerated  in  (he  list  of  heighb  ; 
;.  general  extent  and  nuige  hjss  been  Already  indicated*    1^ 
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may  be  traced  branching  off  from  the  transition  chain  of  moiu- 
tains  which  traverses  the  south  of  Scotland,  but  does  not  attaia 
any  considerable  elevation  until  it  reaches  Gelts-dale  Forest  ia 
Northumberland,  near  which  is  Cross  Fell,  the  highest  summit 
of  the  chain,  rising  2901.  feet  aboTe  the  aea ;  it  proceeds  thcace 
to  the  south  by  Stainmoor  Forest,  to  form  the  western  moor- 
lands of  Yorkshire,  where  it  exhibits  the  summits  of  ^'hen- 
lide,  Ingleborough,  and  Penygent;  between  Stainmore  md 
Ingleborough  it  abuts  against,  and  joins  the  group  of  traaiitioa 
mountains  comprising  the  English  Lake  district  (which  we  ikiU 
call  the  Cumbrian  ^ronp ;)  these,  in  fact,  form  aaort  of  excret- 
cence  swelling  out  on  the  western  side  from  the  Penine  cbaisi 
and  surpassing  it  in  height ;  but  as  they  belong  to  older  for- 
mations, and  deviate  from  the  general  line  of  the  Penine  chtia, 
they  must  be  treated  of  in  a  subsequent  article.  After  throwisg 
off  this  Cumbrian  branch,  the  Penine  chain  proceeds  still  to  thi 
south,  following  the  boundary  between  the  counties  of  Lsb« 
caster  and  York.  Pendle  hill  and  the  range  of  Blackstooe 
£dge  are  in  this  tract.  Further  south  it  enters  Derbyshire  aod 
Staffordshire,  forming  the  '^  High  Peak"  of  the  one  (a  Saioa 
translation  of  the  British  name  Pen)  and  the  moorluids  of  tk 
other ;  and  here  the  chain  iinally  expires  on  the  banks  of  tk 
Trent. 

The  whole  of  the  Penine  chain  is  composed  of  the  four  serifi 
of  rocks  above  described  as  associated  in  our  coal  districts,  la 
the  central  ranges,  the  second  series,  or  millstone-grit  and  shale, 
predominates,  composing  all  the  most  elevated  summits.  Tbe 
third  series,  that  of  the  carboniferous  limestone,  also  occurs 
extensively  towards  the  northern  parts  of  the  chain  ;  occnpyisf 
the  middle  region  of  the  hills,  especially  on  their  western 
escarpment.  A  zone  of  this  rock  is  here  detached  from  the 
Penine  chain,  and  completely  encircles  the  transition  mountsatf 
of  the  Cumbrian  group,  wrapping  round  them  in  what  the 
Wernerians  call  mantle-shaped  stratification.  Hence,  throofh 
the  middle  regions  of  the  chain,  the  carboniferous  limestone  ii 
entirely  concealed  by  the  super>strata  of  millstone-grit;  it 
re*appear8  however  at  the  southern  extremity,  where  it  forms 
an  extensive  and  elevated  district  in  Derbyshire.  The  old  red 
sandstone  has  been  only  ascertained  to  exist  in  the  northern 
parts  of  this  chain,  where  it  forms  the  fundamental  rock  be^ 
neath  the  nestem  escarpment  of  the  Cross  Fell  range,  as  is  also 
the  case  near  Ingleborough. 

The  three  lower  formations  then  of  the  carboniferous  soite 
occupy  the  central  mass  of  the  chain ;  and  may  all  be  stodied 
together  in  the  single  mountain  of  Cross  Fell.  The  uj)p«^r 
series,  or  gT^at  cq^\-1ouiv^1\qi\^  constitutes  the  exterior  and 
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ranges  surromidiiig  the  chtin  on  the  east^  toath,  and 

in  the  last  directkni,  however,  they  make  a  considerable 

ion,  receding  from  the  Penine  chain  and  again  approach- 

This  18  occasioned  bT  the  intenrention  of  the  Cumbrian 

round  which  they  bend  like  the  subjacent  carboniferous 
»ne. 

be  middle  regions  of  this  chain,  the  strata  form  a  regular 
,  dipping  east  and  west;  but  this  regularity  is  dbturbed,' 
it  must  be  considered  as  faults  of  very  astonishing  mag« 
f  at  the  two  extremities;  for  on  the  north,  the  strata 
le  to  crop  out. to. the  very  edge  of  the  chain  towards  the 
the  traosition  rocks,  on  which  the  whole  rests,  appearing 

foot  of  the  escarpment,  beyond  which  (instead  of  a 
*  repetition  of  the  same  series  dipping  in  a  contrary 
jtk  as  from  the  axis  of  the  chain)  shattered  traces  of  the 
rmation  only  are  found,  immediately  succeeded  and 
d  by  horizontal  deposits  of  new  red  sandstone :  this  part 

chain  will  be  the  object  .of  more,  particular  descriptkm 
er.  Towards  the  south,  according  to  Farey,  a  derange- 
Mnewhat  similar,  though  less  enormous,  has  affected  the 
of  Derbyshire  and  Staffordshire,  where  the  limeatono 
izhibits  on  the  west,  by  successlTe  croppings  out,  iti 
strata ;  against  which  the  highest  strata  of  the  millstone* 
rectly  abut*  The  structure,  however,  of  this  part  of  the 
requires  further  examination.    The  general  inclination 

strata  composing  this  chain,  is  not  very  considerable, 
ng  where  affected  by  local  derangements,  and  does  not 

exceed  three  or  four  degrees ;.  presenting  in  this  respect 
option  to  the  highly  elevated  position  more  usually  cha* 
nng  the  beds  of  this  formation* 

features  of  this  chain  are  often  very  wild  and  pictu- 
:  it  exhibits  all  the  scenery  and  accompaniments  of  n 
arable  mountam  range ;  precipices,  torrents,  and  cata* 

The  caverns,  cliffs,  and  rocky  dales  of  Ingleborough 
»  Peak,  are  too  well  known  to  need  description.  Two 
tMerved  in  the  moorlands  of  Staffordshire  will  serve  to 
te  the  depth  of  the  ravines  and  abrupt  escarpment  of  the 
jos  in  that  part  of  the  chain.  The  Sun,  when  nearest 
»pic  of  Capricorn,  never  rises  to  the  inhabitants  of 
rdale  for  nearly  a  quarter  of  a  year;  and  during  the 
when  it  is  visible,  never  rises  till  one  o'clock  p.  m. :  on 
er  hand,  at  Leeky  the  Sun  is,  at  a  certain  time  of  the 
een  to  set  twice  in  the  same  evening,  in  consequence  of 
ervention  of  a  precipitous  mountain  at  a  considerable 
e.from  the  to^  t  ^^  ^^ter  it  sets  behind  -the  top  of  tbn 
in,  it  breaks  out  again  on  the  northera.ilda^  .^^cSdlV^ 

3a 


ilM^  Wfera  It  KAcket  Utt  liAriiob  la  ite  fiiM :  10  dM^  11^ 
a  tetf  few  nUet,  tlw  lahaUtniti  lutTe  tke  ritiiig  fas,  wkcali 
luM,  Ib  ftct,  pawed  Us  aeeridiao,  aad  tke  fettiog  Sao  tvlceai 
tke  fMae  efeaing*  There  h  a  beeatIM  deicripdoa  §i  9md 
tke  rodlqr  dales  whldi  characterise  tkis  chala  ia  BiMf^ 
CftDto  II.  ttanus  7  &  8. 

'   Harfaig  thai  given  tgeaend  aad  cdMectHra^w  4 
taie  ef  Ike  Pnilae  ch&,  we  •ball  aezt  piaceed 

in  tkedekdl  tiie  dltpoifttkn  and  ykgaoawiaf  tke 
eiiet  eoayeikig  It ;  begiaalag  witk  tke  eateiler  ti 
lad  pffoteedlag  regolarl  J  6»  tke  eld  red 
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Parfsorfar  wiem  of  the  Coal  DUMii  north  rfTrM^^ 

Orand  Pemne  Chain. 

'  We  mm  proceed  to  consider  more  in  detail  the  diipidi* 
of  each  of  the  foor  great  assemblages  of  strata  entenag  iatsii 
composition  of  the  coal  districts,  throaglM>at  the  tracts  ceoaecirf 
with  the  Penine  chain  ef  monntains  already  generall j  duiiiki)  i 
and  thns  foraung  the  first  great  dlTlsion  of  our  coal  dbtiM 
that,  namelj,  north  of  the  Trent*  ' 

In  porsuance  of  oar  plan,  we  must  begin  with  the  fiirt^ 
these  series  of  strata,  the  great  coal-formation.  This,  tiki 
already  been  stated,  encircles  the  whole  Penme  chan  sai^l 
east,  soath,  and  north  ;  not,  howcTcr,  In  one  continosai  li% 


but  io  a  series  of  detached  coal-fields,  often  of  ?ery 
able  extent.  These  it  will  now  be  our  business  to  trace 
the  chain,  beginning  on  the  north-east,  proceeding  theace 
it9  eastern  side  to  the  south,  and  thence  re-asoending  by  Ik 
western  side  again  to  the  north.  The  coaUfields  we  shall  J*** 
thus  to  notice  will  occur  in  the  following  order.  On  the 
tide,  (a)  The  great  coalFfieldcf  Northumberland  oadikaiia 
{h)  Some  small  detached  ooal-^elds  in  the  'north  of  YaHeMf^ 
(c)  T%e  great  coaUfield  qf  South  Yorkshire ^  Noitingkami  ^ 
Derby,  On  the  south  we  find  only,  (d)  novae  succMfal  tridi 
for  coal  in  the  neighbourhood  ofA§hbomej  which  hate,  kiv* 
OTer,  nerer  been  further  prosecuted.  On  the  west,  (e)  lAe  cM^ 
JkUl  of  North  Stafford,  (f)  The  great  Mantheder^  or  Sa* 
Lancashire  coal^Jieid.  (g)  The  North  Lancashire  ceehM^ 
(A)  The  Whitehaven  coid^fieUL  (i)  The  indications  ef  cssl  St 
the  foot  of  the  western  escarpment  of  Cross  J*V//.  Of  tkMS  vi 
iKiw  pveceei  to  tTeelW  «cdAt. 
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)    THE  GRflAT  COAL.FIELD  OF  NORTHUMBEIU 

LAND  AND  DURHAM. 

The  cotl-field  of  the  oorth^eastein  extremity  of  Eagbod  ex* 
ids  OYer  a  great  part  of  the  comities  of  Narihumberlaud  and 
wham.  Of  this  district  we  ha?e  two  accooDts  ;  ooebjN.J* 
inch)  Esq.  pabiished  in  the  4th  Toliime  of  the  Transactioiis  of 
i  Geologioil  Society ;  the  other  by  Dr.  Thomson^  in  the 
imls  of  Pmiosophy  for  Noveml>er  and  December,  1814.  We 
)ceed  to  select  from  both,  recommending  them,  and  partkn* 
ly  the  former,  to  the  pemsal  of  the  reader  afterwards.  .  This 
rt  of  England  is  highly  interesting  both  in  a  geological  and 
momical  point  of  view.  Geological,  since  the  facts  it  dis« 
lies  are  extremely  corions ;  and  economical  since  it  supplies 
ifdon,  and  the  east  and  south  coasts  of  England  with  coal^ 
lidee  what  is  consumed  by  the  inhabitants  themseWes. 
The  coal'tneasurei  of  this  field  commence  near  the  ri?er 
qnet  on  the  north,  and  extend  nearly  to  the  Tees  on  the 
ith :  the  length  of  this  tract  is  about  68  miles,  and  its  greatest 
»dth  about  34.  The  strata  of  the  millstone-grit  and  shale 
ies  pass  under  those  of  the  coal-measures ;  which  latter  pass 
neath  the  magnesian  limestone;  the  nortliemmost  point  of 
iich  is  near  the  mouth  of  the  river  Tyne. 
Thp  strata  of  this,  as  of  many  other  coal-fields,  appear  to  dip 
»ni  the  surface,  and  rise  again  to  it  after  attaining  a  certain 
pth  i  so  that  a  section  of  them  gi? es  the  idea  of  a  form  of  a 
at.  A  place  called  Jarrow,  which  is  about  five  miles  from 
5  mouth  of  the  Tyne,  and  on  its  southern  bank,  is  the  spot 
Death  which  the  beds  of  coal  in  the  coaUmeasureiy  are  foimd 
their  greatest  depth.  One  of  the  thickest  beds,. called  the 
tgh  Main,  is  960  feet  below  the  grass  at  Jarrow,  and  rises  on 
I  sides;  but  as  the  dip  of  the  strata  {which  averages  one  inch 
M)  is  not  uniform  in  every  part  in  the  surrounding  district, 
at  bed  does  not  rise  to  the  surface  at  equal  distances  around 
at  place. 

We  may  assume  that  Jarrow  is  the  centre*  of  the  coal-mea- 
res,  since  it  is  the  spot  beneath  which  the  High  Main  coal  is 
and  at  the  greatest  depth  beneath  the  surface.  There  is  a 
BSiderable  though  not  a  perfect  uniformity  in  the  distance  of 
e  several  coal-beds  fi^m  each  other.  Hence,  as  the  High 
iain  coal  rises  to  the  surface  of  the  alluvial  soil,  around  Jarrow, 

*  In  forming  this  cendusion,  it  is  necetaarily  inferred  that  the  coal^nea- 
rti  ooce  extended  far  to  the  east  of  the  present  cpast  of  Durham,  and 
»w  the  level  of  the  sea:  that  they  exist  ^mMliit»  is  iiroved  by  the  work- 
n  under  it. 

3  aS 


wt  maj  oooclvde  tbst  tba  beds  of  coal  above  aad  betov  te 
BIgh  liiJn,  arise  also,  at  a  distaaoo  inm  l<v  fiopadbaala'l* 
their  depth  beneath  it. 

The  ineqnalitjr  of  the  sarfaoe  does  not  affect  the  dip  or  la* 
cUnatioQ  or  the  strata  coostitatiog  the  ea&f  m§amtt€9i  wlhst 
when  thej  are  interrupted  or  cut  off  bj  the  intfirwrtwi  ol'a 
valley,  they  will  be  found  on  the  sides  of  the  opposita  hBlsit 
fhe  same  levels,  as  If  the  beds  had  once  been  ooDdneoaSb  Ihs 
oonclnsion  is  ob?ipos,  that  the  present  Irregalarltlea  of  hU  «1 
dale  have  been  occasioned  by  the  partial  destmctioB  or  ~ 
td  the  uppermost  strata  constituting  the  coal^fonnatiwiB. 
•  .The.beds  of  coal  and  of  the  other  strata  compeaiwg  tts 
Measures,  are  not  every  where  of  uniform  thickneso.  They  oo^ 
easionally  enlarge  or  contract  so  greatly,  that  It  ia  only  by  sa 
esteiisi¥e  comparison  of  the  whole  seri^  that  anj-certaiBly  h 
arrived  at  of  that  general  uniformity  of  stratifica&OB  whkh  b 
known  actually  to  exist.  From  the  best  ittfomatio^  thsy  M 
calculated  at  16%  feet  in  thickness. 

The  beds  of  cOal,  &c.  basset  out  at  the  surfooe  one  after  tie 
other;  each  oi\  the  east  of  that  which  immediately  preoedtsit 
In  pomt  of  age.  These  beds  are  sometimes  visible  ;  but  sit 
jnore  commonly  coTered  by  alluYial  soiL* 

The  whole  sarlace  of  the  coal-measures  is  calculated  at  180 
square  miles.  The  greatest  number  of  the  numerous  mines  sit 
situated  on  both  sides  the  river  Tyne,  but  are  not  far  diitut 
from  its  banks.  There  are  several  in  the  northern  part  of  the 
district,  and  many  about  five  miles  south  of  the  Tyne,  aboot 
mid-way  between  Newcastle  and  Durham. 

In  the  coal-measures  forty  beds  of  coal  have  been  seen;  M 
a  considerable  number  of  these  are  insignificant  In  point  of 
thickness.  The  two  most  important  beds  are  those  distingntihsd 
•by  the  names  of  High  Mam  and  Low  Main.  The  thiduiess  sf 
ithe  first  Is  six  feet,  of  the  second  sii  feet  six  inches.  The  Higk 
•Main  is  about  60  fathoms  above  the  Low  Main  coal,  which 
latter  is  at  St.  Anthon's  colliery,  not  far  from  Newcastle,  136 
fathoms  from  the  surface.  Between  them  occur  eight  lieds  of 
coal,  one  of  which  is  four  feet  thick,  another  is  three  feet  thick. 
Seven  beds  hare  been  seen  under  the  Low  Main,  but  the  qaalily 

*  The  alluvium  containt  masses  of  different  rocks  composii^  the  wiiole 
district ;  and  amongst  them,  portions  of  hard  black  ia*mit  are  found  ererf 
where  in  abundance.  From  this  stone,  the  ancient  inhabitants  x>f  BritaiB 
formed  the  heads  of  their  battle-axes,  which  are  commonly  called  edit. 
Thej  resemble  in  shape  the  tomahawks  found  in  the  Sooth  Sea  isUads. 
Barbed  arrow-heads,  neatly  finished,  and  made  of  pale*Cf4oiired  flint,  are 
'  frequently  picked  up  on  the  moors,  and  are  called  eifMi*,  It  »Iso  contaiv 
'  portions  x>f  the  trap  rocks  of  the  Cheviot  range,  anamsatet  of  fine-frifioed 
granite  appear  on  the  woifii^t  oC  ik«  whole  country. 
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is  inforNNr,  and  more  nearly  i^piroaches  tbat  of  the  coal  In  tlie 
nilUtoiie-grit  and  shale  series. 

The  superior  excellence  of  the  coal  of  this  formation  in 
quality,  over  etery  other,  is  sufficiently  known.  The  quantity 
of  coal  raised  annually  in  this  district,  and  sent  to  London,  and 
the  whole  east  and  south  coasts  of  Great  Britain,  is  qnite  enor- 
nous.  Shields  and  Sunderland  are  the  two  places  from  wldch 
tbey  are  exported ;  and  a  curious  distribution  of  the  trade  has 
taken  place,  depending  upon  the  size  of  the  two  risers.  The 
Tyne  Tessels  are  large,  and  are  therefore  chiefly  destined  for 
the  London  market.  The  Wear  vessels,  on  the  contrary,  are 
a^  small,  that  they  can  make  their  way  into  the  small  rivers  and 
hiurlMars  all  over  the  kingdom,  and  therefore  they  supply  the 
whole  east  and  south  coasts  as  far  west  as  Plymouth. 

To  form  an  idea,  says  Dr.  Thotaison,  of  the  quantity  of  coal 
contained  in  the  formation  called  the  coal-measures,  let  us  sup- 
pose it  to  extend  in  length  from  north  tq  south  33  miles,  and 
that  its  average  breadth  is  eight  miles.  This  makes  a  snrface 
anounting  to  rather  more  than  180  square  miles,  or  557,508/XX> 
iqaare  yards.  The  utmost  thickness  of  ail  the  beds  of  coal  pat 
together  does  not  exceed  44  feet ;  but  there  are  eleven  beds 
Bot  workable,  the  thickness  of  each  amonnting  only  to.  a  few 
Inches.  If  they  be  deducted,  the  amount  of  the  rest  will  be 
M  feet,  or  13  yards.  Perhaps  five  of  the  other  beds  likewise 
•honld  be  struck  off,  as  they  amount  altogether  only  to  six  feet, 
and  therefore  at  present  are  not  considered  as  worth  working. 
The  remainder  will  be  ten  yards ;  so  that  the  whole  coal  in  thb 
formation  amounts  to  6,575,680  cubic  yards.  How  mnch  of 
this  is  already  removed  by  mining  I  do  not  know,  but  the  New- 
castle collieries  have  been  wrought  for  so  many  years  to  an 
enormous  extent,  that  the  quantity  already  mined  must  be  con- 
siderable. I  conceive  the  quantity  of  coal  exported  yearly 
froa  this  formation  exceeds  two  millions  of  chaldrons ;  for  the 
county  of  Durham  alone  exports  1-^  millions.  A  chaldron 
weighs  1.4  ton ;  so  that  2.8  millions  of  tons  of  coals  are  an- 
muilly  raised  in  these  counties  out  of  this  formation.  Now  a 
ton  of  coal  is  very  nearly  one  cubic  yard ;  so  that  the  yearly  loss 
from  mining  amounts  to  9.8  millions,  or  (adding  a  third  for 
waate)  to  3 . 7  millions  of  yards.  According  to  this  statement, 
tile  Newcastle  coals  may  be  mined  to  the  present  extent  for 
IMO  years  before  they  he  exhausted.  But  from  this  number 
we  must  deduct  the  amount  of  the  years  during  which  they 
have  been  already  wrought.  We  need  not  be  afraid  then,  of 
any  sndden  injury  to  Great  Britain  from  the  exhaustion  of  the 
coal  mines.  It  is  necessary  to  keep  in  mmd,  likewise,  that  I 
bavn  taken  the  greatest  thickness  of  the  coal-beds.    Now  aa 


flw  ttfckMft  li  wBt  noni  ttflMW^  1.  OMHBvnrtAii 

(I  sImsM  cofBceire  one-third  of  the  iriiol»)'  nratt  te  fluilt  ii 

iirdl»r  to  ^litabi  tlie  medimn  thicknen ;  io  ttet  iM  aiy  rtili  h 

Itattd  immfaen  that  this  formatioii^  Atthe  piciMit  nte«f  «Mki( 

win  iMmly  ceal  Ur  1000  yeais,  botltsprioi  wNI  to 

dtf  tke^  Mcrea80,  oo  acooont  of  tlie  eoiitlBiiallf  ~ 

jciM  of  mining.    It  appean  tint  i«*  tlM  alM»>f o  i 

TIioM<hfs  ^  the  lieds  of  OMd  are  oalcidttted  «pMl  «* 

esMensire  tbreoghoat  the  wliole  field  $  whereM  Mimmam'ff0t 

tb  ht¥6  lieen  made  for  the  smaller  eitiait  of  the 

whidb  fint  crop  oat    It  is  ebo  probaMe  that  ther 

of  coal  now  materiallj  exceeds  tint  taken  into  the 

both  these  reasons  we  most  dednct  a  eentttry  or  tiro 


BcMdes  the  coal  eiported  to  dilbeat  parCi  off  Bajgliafi  a 
large  ^aantitj  is  oonsomed  In  tlio  two  eoullesy  wMeh  aaMt 
oaiiljr  he  calcalated.  Aboat  thir^  yean  ago  a  piaatlia'W 
idopfed  at  the  pits,  where  the  coal  was  of  a  fragile  mMUf  rf 
erecting  screens  to  separate  the  small  from  tlio  somrfer  fiil 
This  system  is  now  become  nnifersal^  and  immense  keapa  of  Mi 
are  thus  rtiised  at  the  mouths  of  tlie  pits*  These  soon  take  lH 
from  the  heat  of  the  decomposing  pyrites,  and  continve  Id  iiott 
for  sereral  years.*  Not  less  than  100,000  clialdrons  ate  ttw 
annnally  destroyed  on  the  Tyne,  and  nearly  an  equal  qattdtf 
0n  the  Wear.  Two  sach  heaps  in  combustion  may  be  lean  i 
present  (Nov.  1814)  on  the  north  side  of  Newcastle.  If  fta 
traTel  from  Berwick  to  Newcastle,  and  enter  this  last  toiftk 
the  dark,  about  three  miles  from  the  town  yon  see  two  luuBcaK 
fires ;  one  on  the  left  hand,  about  three  miles  from  the  foal^ 
which  has  been  burning  these  eiglit  years.  The  heap  of  eoslk 
aaid  to  cover  19  acres.  The  other  on  the  rij^ht  hand  is  neater 
the  road,  and  therefore  appears  more  bright ;  it  has  been  tai^ 
ing  these  three  or  four  years.  These  fires  are  not  visible  dafiag 
the  day,  hut  only  during  the  night.  It  has  often  occurred  Is 
tne,  says  Dr.  Thomson,  thatthis  small  coal  night  be  oonrcftcl 
into  coke  with  profit,  and  certainly  m  all  casea  where  coal  fi 
is  wanted  it  would  answer  as  well  as  any  coal  whaterer.  All 
surely  8nch  an  important  waste,  amounting  toMperenitfi 
the  whole  consumption  of  an  article  so  essential  to  oaresal- 
mercial  greatness,  and  of  which  we  may  already  calcalate  tte 
limited  supply,  calls  loudly  for  timely  legislatiTe  interfar«o(e> 

*  Beneath  the  heaps  that  haye  taken  fire,  a  bed  of  bUckitb  brown  ic«k 
it  farmed,  which  greatly  retemblct  batalc,  and  is  uacd  for  ««»»wi^,  |  ~ 
(O.  T.  vol  -L  p.  54.)  • 
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;  Walli%  in  his  Iriatorj  of  NoiihmnberUuid,  ^yes  an  accovne 
if  n  ira  kappening  in  tbe  High  Main  coal-bed  dboat  140  ^jiewm 
^go,  no  the  Town  Moor  and  Fenham  estates,  which  oontinuetf 
m  iHini  for  30  years.  It  began  at  Benwell,  abont  a  quarter  of  m 
wBb  north  of  the  Tyne,  aad  at  last  extended  itself  northward 
the  graonds  of  Fenham,  nearly  a  mile  from  where  it  first 
There  were  eruptions  at  Fenham  in  nearly  twenty 
sulphur  and  sal  ammoniac  were  sublimed  from  the 
;  but  no  stones  of  magnitude  were  ejected.  Red  ashes 
mA  burnt  clay,  die  relics  of  this  pseudo-volcano,  are  ttill  to  be 
on  the  western  declivity  of  Benwell  hill ;  and  it  is  ocedibly 
that  the  soil  m  seme  part  of  the  Fenham  estate  hi» 
nendered  unproductive  by  the  action  of  the  fire. 
The  iikomk^damp,  the  Jhre^damp^  and  after^damp  or  tt^kty 
B  thejniuers  terms  for  the  gasses  with  which  the  coal  minen 
affected,  and  of  these  the  second,  both  from  its  immediate- 
doteace  and  as  occasioning  the  other  kinds  of  damps,  is  the- 
toet  to  be  dreaded.  The  aeddents  arising  from  it  have  become- 
Gommon  of  late  years ;  but  it  should  not  for  a  moment  bn 
that  they  arise  from  any  want  of  skill  or  attention  in 
lie  professional  surveyors  of  the  manes.  The  following  seena 
tp  lie  the  causes  in  which  the  gas  originates. 
•  1st.  The  coal  appears  to  part  with  a  portion  of  carbusetted 
hydrogen,  when  newly  exposed  to  the  atmosphere ;  a  fact  ran* 
Iflped  probable  by  the  well  known  circumstance  of  the  codi 
iMing  moie  inflammable  when  firesh  from  tbe  pit,  than  after 
long  exposure  to  the  air.  3nd.  The  pyritous  shales  that  fisrai 
lie  floors  of  the  coal  seams,  decompose  the  water  that  lodges 
Q  them,  and  this  process  is  constantly  operating  on  a  great 
male  in  the  extensive  waste  of  old  mines.  In  whatever  mode 
ire  suppose  the  gas  to  be  generated,  it  is  disengaged  abundantly 
bnm  the  High  Main,  but  more  particularly  from  the  Low 
Main  coal-seam,  and  in  a  quantity  and  with  a  rapidity  that  are 
kmly  surprising.  It  is  well  known  that  the  gas  frequently  fires 
m  n  shaft,  long  before  the  coal-seam  is  reached  by  the  sinkers; 
■sd  that  the  pit-men  occasionally  open  with  their  picks,  crevi- 
MO  in  the  €oal  or  shale,  which  emit  700  hogsheads  of  fire-damp 
ia  n  aiinute.  These  blowers  (as  they  are  termed)  continue  ia 
%  atnte  of  activity  for  many  months  together,  and  seem  to 
leriYe  their  energy  from  communicating  with  immense  reser* 
soils  of  air.  .^11  these  causes  unfortunately  unite  ia  the  deep 
nd  valuable  collieries  situated  between  the  great  north  road 
ind  the  sea.  Their,  air-courses  are  30  or  40  miles  in  lengthy 
lad  here,  as  might  be  expected,  the  most  tremendous  explosions 


The  after-damp  or  stythe,  which  follows  these  bUwts,  is  a 
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fliixtnn  of  die  cirbonic  add  tnd  asotle  gaiat  mdMii'MB 

tin  combaitioa  of  the  carbnretted  hjdragen  i» 

air,  and  more  lives  are  destfojed  bj  thia  than  hj  the 

of  the  fire-damp*  .14 

To  guard  against  these  acddeots,.  ererj  precaatiflA-it^ihfll^ 
that  prudence  caa  doTise,  in  oondncting  and  in  Trntihilhig  Aa 
nines.    Before  the  pitmen  descend,  -wastemen,  whose  Mapp> 
is  to  examine  those  pieces  where  danger  is  anspeoted  te  tariff  ^ 
traverse  with  flint-miils*  tlie  most  distant  and  ne^ected 
of  tlie  workings,  in  order  to  ascertain  whether  atmospimdc 
circulates  through  them.    Large  fomaoes  are  kepl.burah^ 
the  up-cast  shafts,  in  aid  of  which,  at  Wall's^cftd  celilsiff 
powerful  airwpump,  worl^  bj"  a  steam-angtney  la  cnipiiygd 
quicken  the  draft:  this  aiope  draws  oat  of  the 
hogsheads  of  air  in  a  minute.    A  kind  of  trap-door, 
by  Mr.  Buddie,  has  also  been  introduced  into  the  w 
this  collieiy.    This  is  suspended  from  the  roof  bj 
wherever  a  door  is  found  necessary  to  prevent  ttut 
air.  It  is  propped  up  close  to  the  roof  in  a  horiiontal  positim;< 
but  in  case  of  an  explosion,  the  blast  removes  the  prop,  wliat» 
bj  the  door  falls  down  and  closes  the  aperture. 

Sandstone  is  termed  post  by  the  miners  of  the  Coal-meamm^ 
but  when  the  bed  is  very  hard  it  is  termed  wkm ;  which  thsft* 
fore  is  not  applied  to  basalt  only,  though  most  frequoitly.  A: 
bed  66  feet  thick  crops  out  at  the  hill  called  Gateshead  FflU, 
on  the  south  of  Newcastle,  and  is  quarried  for  grindstouss 
which  are  of  good  quality.  Great  Britain  and  even  tlie  Goati^ 
nent  are  supplied  chiefly  from  this  place.  The  softer  paiti  sf  - 
the  bed  are  used  as  filtering  stones.  There  are  about  35  beds- . 
of  sandstone  in  the  Coal-measures;  the  greater  part  of  thess 
are  thin. 

The  beds  of  shale  in  the  Coal-measures  amount  to  about  M- 
in  number.  Shale  is  called  metal  or  meial^tone  by  the  nuaeisf  ■ 
thus  they  have  gre^^  blue^  or  black  metal,  according  to, the 
colour  of  the  shale ;  when  very  indurated  it  is  called  sbAhi  \f 
the  Newcastle  colliers.  The  beds  of  shale  are  usually  thinnsr 
than  those  of  the  sandsjtone  with  which  they  alternate.  Boft- 
the  sandstone  add  shale  form  the  roof  and  floor  of  the  cosW 
beds;  but  the  latter  much  more  frequently  than  the  foraisr«> 
Each  is  to  be  seen  in  immediate  contact  with  the  coal,  witlwat 
the  smallest  sensible  alteration  in  its  properties.  But  a  hard 
bituminous  shale  often  forms  the  floor  of  the  coal-beds,  which 
is  used  by  the  manufacturers  of  fire-bricks. 

* 

*  An  ap[)anitU8  for  producing^  h'gHt,  without  the  daoffer  of  infl«iimttioo» 
by  the  frictioa  of  flmt,  now  gneneraliy  luperteded  bj  ue  •afcty4amp. 
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n  the  coal-meaturefl,  patient  elaif  ocean  immediatelj  below 
vegetable  soiL  Its  colour  is  bluish  or  smoke-grey,  uud 
etimes  jrellow  upproaching  to  orange.  In  consequence  of  a 
ture  of  iron  ochre.  It  is  used  iu  the  manufacture  of  coarse 
lien- ware,  bricks,  and  tiles. 

*he  trap  rocks  occurring  in  connexion  with  the  coal-mea* 
It,  whether  as  dykes,  oTerlying  masses,  or  beds,  will  be 
ced  in  a  separate  article  in  the  Appendix. 
1^  mineraU  thai  aecompanif  the  coal  itraia  are  the  follow- 
;  clay-ironstone  forming  thin  beds  or  nodules  in  the  strata 
hale;  in  the  nodules  of  clay-ironstone  are  found  galena 
iron  pyrites ;  and  the  latter  is  found  in  great  abundance 
^talliaed  and  disseminated  in  the  beds  both  of  coal  and  of 
e.  Calcareous  spar  is  common,  either  blended  with  the 
.,  or  in  the  form  of  stalagmites. 

Vke  organic  remaini  found  in  the  coed  strata  are^  according 
felrssrs.  Winch  &  Thomson, — In  the  shale,  the  impressions 
everal  plants,  amongst  which  is  a  variety  of  fern.  Another 
I  or  two  is  found  in  the  nodules  of  clay-ironstone,  as  well  aa 
ressions  of  cones.  Impressions  of  the  bark  of  a  plant 
fmbliog  euphorbia,  In  iron  pyrites,  are  foupd  in  several 
ieries ;  of  another  plant  in  coal :  vegetable  impressions  in 
Istone :  the  cast  of  a  cane-like  vegetable :  an  aggregate  of 
:k  quartz  crystals  diverging  from  the  -centre,  having  the 
entices  filled  with  yellow  ochre ;  it  is  supposed  to  be  a 
leraliied  tree,  and  is  found  at  Bigge's  Main  colliery,  and 
so  in  large  masses  on  the  sea-shore.  Bivalve  shells,  like 
se  of  the  freshwater  muscle,  in  dark  grey  Ironstone,  and 
black  shale  and  ironstone:  the  same  in  black  shale  In 
blram  colliery,  at  the  depth  of  780  feet, 
n  one  of  the  sandstone  strata,  termed  /Ire-stonej  a  tree  hat 
»ly  been  disco? ered,  M  or  SO  feet  in  length.  The  trank 
I  larger  branches  are  siliceous,  while  the  bark,  the  small 
Bches,  and  the  leaves^  are  converted  Into  coal ;  and  It  if 
ieved,  that  the  small  veins  of  coal,  called  by  the  miners 
Ifripesj  owe  their  origin  universally  to  small  branches  of 
BS.  It  is  stated  by  Mr.  Winch,  as  a  remarkable  and  in- 
Biting  fact,  that,  while  the  trunks  of  trees  In  the  Whitby 
m-tbale  are  mineralized  by  calcareous  spar,  clay-ironstone, 
I  inm-pyrites,  and  their  bark  is  converted  into  jei ;  those 
riad  In  the  Newcastle  sandstones  are  always  mineralised  by 
VKj  and  their  bark  is  changed  into  common  coal.  (Ann. 
c.  1817.  p.  08.)  In  the  introductory  chapter  a  more  precise 
wukt  of  these  remains  will  be  found. 
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^kd»w  teds  CBteiing  ■•  miUlwiH  ■  JabiiP  h4»«til  iJ 
tnw4  <1m  i»al.aiwrawi  of  tys««ldy  H  ««MMi4»«ii4k» 
«v  jH^y  ^  ily  tlMt  iM  cIimM  MtfM  «to  dUteMi^^M 
perplex  and  impede  the  opentieae  -off  tl»  «iiHir|"uiiatllil 
■nse  iieei  ive  irB^Dm  unvigeiiissc  mm  mnecenM^ip^B 
Mnta;..tlie  MUdto  esd  praeb  ef  incimt  0biwiMHi  ^<»<II 
globe.  •  •   '^''•* 

TKi  prkicipfti  ekii  of  thcie  BeMfiim  wlM^lio 
tanod  iAlli ;  the  phcMMM  of  wUcli«Fe  «Mw 
«•  ftnt  to  en  hunewii  depth  by  ftMMi  \MBfl% 
U  m  per^eodliidu- ^dUreetko ;  wMch  Mt  mAf  mptiam 
Bat  ife  olio-eoooaipeBied  with  the  elevelhili  ^oMl 
of  the 'VoriieM  of  ebnte  ooHUfhMC'OB  thdr  wnnill 
each  a  maimer  tiiat  the  same  stntom  Is  ftNMt^MaiiMi 
ridea  of  tiie  fissiunSf  iit  very  dWnooii  -leeolsj  the 


seiaieUmes  aaeoiitiaf  to  sesisnl  hmidbed  fHliimS'-^<i||fj 
fissoies  da  mt  resiafai  «mptj,  hot  oio  Med  wM  -^HMvi 
sobstaeces  fai  the  coal-field  of  which  we  are  now  trasMtag.-  ^ 

These,  If  hurge,  are  locally  called  d^hei;  Imt  If 
siderable,  traub&j  ri^j  or  hUdl&f. 

The  most  celebrated  of  these  is  called  the  JlfonterGrfrf 
^gfff^y  or  90  fMhom  d^ke.  The  latter  name  has  been  gifsa  It 
It,  becanse  the  beds  oo  the  northern  side  are  00  fathomi  Iopv 
than  those  oo  the  sonthero  side  of  it ;  its  underlie  b  ieeoa- 
siderable*  In  some  places,  its  width  is  not  great,  bat  k 
Montagu  oolHery,  it  is  tt  yards  wide,  and  it  HJiUgd  w&h  htri 
md iqft  tmubione.  Thto  dyke  isvislble  Ib  the  cliffat  WIM^ 
feany,  a  short  distance  north  of  the  sMHith  of  the  Tyae,  fnm 
which  place  it  traverses  the  coal  strata  in  the  general  difsdMi 
of  north-north-east  and  i>onth-soet^west,  bnt  not  in  a  sbMt 
tfaie;  and  it  is  considered  to  be  probable  that  it  posses  ietsfm 
isrmatioiu  nnderljing  the  coal-measnres :  a  snnll  stth^tf 
galena  has  been  obsenred  in  it  at  MThitby.  From  tl»  soolhBii 
side  of  this  dyke,  two  others  branch  off,  one  to  die  wmlheai 
and  the  other  to  the  sonth-west.  The  latter  Is  Tery  rtaHSl^ 
able:  it  it  called  from  Its  breadth,  the  TO^enll^ilt,  sod-li 
tiled  by  a  body  of  hard  md  wfi  nrndrtone.  This  lotanesH 
the  npper  or  Beanmont  seam  of  coal,  which  is  not  tfaiowaeal 
of  its  le?ei  by  the  intenuption.  The  seam  howofver  duJtsKi 
In*  tliicknefs  from  the  distance  of  15  or  16  yards,  snd  As 
cotdjirii  beoomu  9oofyj  and  at  length  assomes  the  appsaieaes 
of  .eoo/k*.  This  ph^nomtmm  it  wnkmmki  etemftere,  eicqrfih 
the  vidnity  of  basaUtc  tfykm.  The  sevth-easteni  brsnch'  k 
only  30  yards  in  breadth.      ^ 
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There  are  several  other  dykes  of  the  same  kiod,  which, 
Ibllowing  the  same  law  as  the  cross  veins  in  the  lead  mine 
district,  elevate  the  strata  on  the  tide  to  ahkh  they  dip. 

The  dykes  are  an  endless  source  of  difficulty  and  expense  to 

the  coal-<rwner,  throwing  the  seams  oat  of  their  levels^  and 

llling  the  mines  with  water  and  fire-damp*     At  the  same  tinie 

Ihej  are  not  without  their  nse;  when  veins  are  filled,  as  if 

often  the  case,  with  stiff  clay,  numerous  springs  are  dammed 

iqp,  and  brought  to  the  surface ;  and  by  means  of  those  dykes 

which  throw   down   the   strata,    valuable  beds  of   coal  are 

preserved  within  the  field,  which  wonldfttherwise  have  cropped 

oat,  and  been  lost  altogether.     Several  valuable  beds  of  coal 

«NMild  not  now  have  existed  in  the  country  to  the  north  of  the 

■Mun  dyke,  but  for  the  general  depression  of  the  beds  occa^ 

■iooed  by  that  chasm. 

In  many  instances  dykes  occur,  filled  by  rocks  of  the  trap 
fimMtion ;  but  these  will  be  treated  of  in  a  separate  article  in 
the  appendix. 

Having  treated  so  copiously  of  this  important  coal-field,  the 
•tbers  which  we  have  to  notice  may  be  dismissed  more  bifiefly^ 
rince  in  general  circumstances  they  all  agree*  *" 


<*)  DETACHED  COAr^FIELDS  IN  THE  NORTH  OF 

YORKSHIRE* 

i  IVoceeding  into  the  north  of  Yorkshire,  the  superincumbent 
Mds  of  magnesian  limestone,  extending  themselves  far  to  the 
#eat,  overlie  and  conceal  the  coal  formation,  coming  immediate* 
If  into  contact  with  the  inferior  strata  of  the  millstone  grit  and 
cnitooniferoos  limestone  formations.  Near  Middleham,  and  at 
fierafton,  Leybum,  Thorp,  Fell  near  Bumsell,  and  as  far  west 
na  Kettlewell,  on  a  hill  called  centre  lights,  there  are  several 
fnnll  detached  coal  basins  provincially  termed  swilleys,  lying 
fai  hollows  in  the  gritstone.  They  are  of  limited  extent,  and 
thv  aeam  is  seldom  more  than  twenty  inches  thick.  At 
Bndswell  Moor,  the  lowest  and  thickest  part  of  the  coal  is  one 

Kl,  but  the  stratom  diminishes  and  vanishes  at  the  edgea* 
extent  of  this  coal  is  about  one  mile  in  each  direction^ 
<ByEewell,  p.  370.)  It  may  be  doubted  however,  whether 
Umbm  ummportant  beds  should  not  rather  be  referred  to  thfc 
Ma  coal  seams  subordinate  to  the  millstone  grit  series,  than  te 
principal  coal  measures* 
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ic)    GREAT  COAL-FIELD  OF  SOUTH  YORKSUIIU, 
NOTTINGIIAM,  AND  DERBYSHIRE. 

Admncing  to  the  southern  parts  of  Yorkahire,  we  anife  il 
the  great  Yorkshire  and  Derbyshire  coal-field  which  rifih|  |tF 
or  even  surpasses  in  importance,  that  of  Northumbeiliidi 
with  which  it  so  closely  agrees  in  the  direction,  inclioitisii  hr 
and  character  of  its  strata,  that  it  may  not  be  impropeff^  k 
considered  as  a  re-emergence  of  the  same  beds  from  bcDHlk  |ii 
the  covering  of  magn^^  limestone  which  has  concealed  thea 
through  so  long  an  interval. 

This  coal-field  occupies  an  area  nearly  triangular,  bat  wA  it 
a  truncated  apei.  The  base,  or  broadest  part  being  at  tk  i« 
northern  extremity ;  and  the  apex,  or  narrowest,  at  the  southent 
its  greatest  length,  which  is  from  north  to  south  betvea 
Leeds  in  Yorkshire  and  Nottingham,  it  above  60  nihii 
Its  greatest  breadth,  from  east  to  west,  which  is  ia  tki  k 
Yorkshire  portion,  is  about  2%  miles.  It 

Like  those  of  the  Northumberland  Coal-field  its  strata  lanfi  \i 
from  north  to  south  ;  dip  to  the  east,  where  they  sink  beoeilk 
the  super  strata  of  maguesian  lime,  and  rise  to  the  west  lo^ 
north-west,  in  which  directions  the  lowest  measures  at  length 
crop  out  against  the  rocks  of  the  mi  II  stone -grit  scries,  wUck 
constitute  the  higher  ridges  of  the  Penine  Chain. 

Mr.  Farey  has  inserted  in  his  agricultural  report  on  Derb^r- 
shire,  a  list  of  all  the  principal  coal-pits  in  this  field :  wfaick 
might  be  more  easily  consulted,  were  it  not  confused  by  tka 
insertion  of  the  pits  of  several  other  coaUfields  unconnedfd 
with  this,  and  disposed  in  an  alphabetical  order;  the  very 
worst  arrangement  that  can  possibly  be  adopted  with  a  view  tt 
geological  reference,  for  which  a  disposition  according  ta 
geographical  situation  is  almost  indispensable.  lie  has  likcwiM 
furnished  several  other  particulars  from  which  the  followiag 
are  extracted. 

It  is  ascertained  that  the  strata  of  which  the  whole  formstioa 
consists,  are  numerous.  There  are  20  gritstone  beds,  numerooi 
strata  of  shale,  bind,  and  clunch,  alternating  with  seTcral  bcdi 
of  coal  of  difi^erent  thickness  and  value,  the  lowest  of  these  ii 
termed  the  millstone-grit,  beneath  which  no  workable  coal  b 
found  Some  of  the  gritstone  beds  are  of  great  thickness,  aad 
are  described  as  consisting  of  grains  of  semi-transparent  sileXi 
united  by  an  argillaceous  cement ;  in  some  of  the  beds  there 
are  subordinate  ones,  in  which  the  cement  is  very  sumII  ia 
quantity,  and  from  which  are  (|uarried  grindstones  for  cutlers, 
^c.     The  b*»ds  of  ^hiUc  consist  of  a  slaty  argillaceous  sub- 
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i^ance  of  a  black  or  brown  colour,  rarely  of  a  light  yellow^  « 
Uieir  joints  are  ochreoas;  and  the  springs  of  water  issuing  froi)^ 
Uwui  are  tinged  by  iron.  Some  of  them  contain  roundish  or  OTat% 
fiawars  of  argillaceoui  ironstone^  and  even  thin  strata  of  it,  ii^ 
^hich  are  coaly  impressions  of  vegetables.     One  of  these  bcd« 
Wi  HtMistone  which  occurs  towards  the  middle  of  the  coal  series 
|pa  a  line  traversing  the  field  in  the  parallel  of  Tupton  is  remark*, 
ftble  for  abundant  impressions  of  muscle  shells ;  whence  it  i^ 
koown  by  the  name  of  the  muscle  band.     It  is  worked  as  aa 
imentat  marble.   The  thickness  of  this  bed  is  8  or  10  inches, 
ironstones  dip,  of  course,  with  the  strata,  beneath  the 
;  and  the  workings  of  them,  which  are  numerous,  are 
_  m  at  the  surface,  and  pursued  until  it  becomes  dangerous, 
fbom  the  loose  nature  of  the  stratum  in  which  they  lie,  to  foUoir 
l^m  deeper.    In  some  places,  where  the  texture *of  the  bed  is 
hvoarable,  the  iron-ore  has  been  followed  down  35  or  40  yards. 
DthiB  ore  also  is  found  in  the  beds  which  are  by  the  miners 
tailed  Bindi,  which  appear  to  be  beds  of  indurated  loam,  or  of 
id  and  clay  mixed  and  indurated,  and  which  are  enclosed  ia 
•bale  just  noticed ;  the  bind  falls  to  pieces  on  eiposnre, 
rerer  hard  it  may  be  in  its  natural  state  and  position.  Whea 
Uie  aand  abounds,  and  the  bed  is  very  hard,  it  is  called  stone* 
Mod,  and  it  then  contains  scales  of  mica.     Binds  are  black,  or 
ij  yellow,  grey,  &c.    Some  of  the  very  hard  black  binds 
used  as  black  clialk  by  the  stone  mason.     Others  when  de- 
ipoaed  become  good  brick  clay,  as  well  as  the  CiumcheM^ 
irhieh  we  have  yet  to  notice.     Clunch  is  indurated  clay,  and 
«i0lds  those  Infasible  kinds  which  are  adapted  for  fire-bricks ; 
1^  waries  in  hardness,  and  is  black,  grey,  yellow,  white,  &c. 
CSniich  is  generally  found  immediately  beneath  each  bed  of 
I9  and  at  the  places  where  it  bassets  or  crops  out  on  the  sor- 
ry becomes  soft  clay. 
A  hard  argillaceous  rock  called  Crowstone  forms  in  soma 
iriacas  the  floor  of  the  coal-beds.    This  may  perhaps  be  con- 
piderad  as  a  variety  of  the  clunch,  still  more  highly  indurated. 
potters  clay  of  various  hues  and  qualities  occurs  in  this  coal- 
ftaid. 

In  consequence  of  the  disturbance  created  by  the  faults  pre- 
aasBtljT  to  be  described,  Mr.  Farey  had  not,  at  the  period  of 
pablbhing  his  report,  ascertained  the  exact  number  or  order  of 
Ae  coal-seams  in  this  field :  but  according  to  the  manager  of 
Alfreton  coal  works  (see  Bakewell,  384),  in  the  whole  of 
range  there  are  thirty  different  beds  of  coal,  varying  from 
aix  inclies  to  1 1  feet ;  and  the  total  thickness  of  coal  is  S6  yards. 
^Thia,  however,  is  only  offered  as  an  approximation. 

There  is  an  account  of  some  of  the  coal-seams  near  the  south* 


980      Booklll*    Chap.IL    (katy  mid  mioeiaied  bmh4^ 

faftern  extremity  of  the  field  in  Townsend's  Yiod.  Mot.  p.  !€& 
Every  Tariety  of  coal  appears  to  occur  in  this  field.  Hard  sCimm 
coals,  which  neither  flame  nor  run  together  in  the  boning  | 
toft  or  crozzling  coals,  which  do  both ;  Cannel  coal ;  and  ini« 
descent  or  peacock  coal  are  mentioned  ;  and  we  nre  told  that 
the  same  bed  of  coal  in  different  parts  of  Its  course  Ywiet  (nm 
one  to  the  other  quality,  i.  e.  from  an  hard  to  a  crotzlitg 
coaL 

According  to  Mr.  Farey,  the  strata  of  this  field  are  Uateiscd 
and  dislocated  by  an  immense  fauli  proceeding  from  near  tht 
termination  of  the  roagnesian  limestcme  range  on  the  ttatfcj 
northwards,  in  a  zig-zag  direction,  on  the  western  side  of  tlHl 
limestone,  qnite  into  Yorkshire.  Of  this  fault,  nothing  has,  wi 
believe,  been  said  in  regard  to  its  size  or  contents :  but  it  ii 
belieTed  to  6e  owing  to  it  that  the  coal  strata  of  Derbyshire  tad 
Yorkshire,  through  which  it  passes,  are  on  the  west  of  it,  si 
dislocated,  that  it  would  be  extremely  difficult  ao  to  conned 
the  beds  of  coal,  and  the  interposed  substances,  at  to  fern  • 
reasonable  conclusion  as  to  their  number  and  nature.  The  bdk 
of  coal  east  of  the  fault,  are  known  to  pass  beneath  the  tssf* 
neMan  limestone,  since  they  are  worked  beneath  it. 

The  rise  of  the  strata  is  said  to  be  much  more  rapid  on  thi 
western  than  on  the  eastern  side  of  this  fault.  It  must  bt 
added,  however,  that  the  existence  of  this  fault  rests  eotiiely 
on  the  authority  of  Mr.  Farey,  and  is  disputed  by  many  miners. 
Many  other  faults,  however,  and  some  of  considerable  magni* 
tude,  are  ascertained  to  traverse  the  field  in  various  dircctioofc 
The  vegetable  remains  of  these  coal-measures  agree  with  thoM 
discovered  in  the  Northumberland  field  :  most  of  them  are  ac« 
curately  figured  in  Martin's  ^'  Petrifactions  of  Derbyshire." 

This  coal-field  terminates  abruptly  on  the  south  near  Nottitf* 
liam ;  horizontal  strata  of  the  nevver  red  sandstone  and  ni 
marie  prevailing  on  the  south  of  a  parallel  of  latitude  pasiiflg 
through  that  town,  and  abutting  against  the  inclined  strata «( 
the  coal-formation,  carboniferous  lime,  &c.  Mr.  Farey  was  si 
first  inclined  to  attribute  this  relative  position  of  these  formatioBS 
to  the  effects  of  an  enormous  dislocation  or  fault :  but  the  mort 
probable  explanation  appears  to  be  that  in  this,  as  in  nioy 
other  instances,  the  rocks  of  the  coal  series  had  assumed  their 
inclined  position  previously  to  the  formation  of  the  newer  ni 
sandstone:  which,  being  deposited  in  horizontal  beds,  bjt 
necessary  consequence,  was  brought  successively  in  contact,  at 
the  same  level  with  the  various  beds  of  older  formation  as  their 
inclined  position  caused  them  to  rise  in  succession  to  the  surlace, 
in  the  same  manner  that  the  waters  of  the  sea  washing  the  foot 
of  a  cliff  composed  of  inclined  strata,  would  succes&it cly  baUe 
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Bl  its  strata.  And  this  explanation,  as  appears  from  some  later 
papers  in  Tilloch's  Journal,  Mr.  Farey  is  now  himself  Inclined 
toadi^t. 


(«0     BETWEEN  ASHBORNE  AND  DERBY. 

"We  YoLYt  next  to  speak  of  the  indications  of  coal  on  the  sooth 
Ae  Peoine  chain, — between  it  and  the  Trent.  The  horizon- 
deposits  of  the  newer  red  sandstone,  which,  as  we  have  seen, 
p  is  what  it  called  an  uncoaformable  and  overlying  posi« 
9  nxind  this  extremity  of  the  chain,  generally  conceal  all 
rocks  from  obsenr ation.  Coal  has,  however,  been  proved 
within  this  tract  at  two  points ;  both  so  n^rly  contiga* 
as  probably  to  form  parts  of  one  coal-field,  situated  about 
Way  between  Ashbome  and  Derby.  These  points  srs 
z-hall  in  Edlaston  parish,  and  Darley  moor.  On  the  east 
reat  of  the  coal-field  thus  assumed,  are  patches  of  mouu« 
n  limestone  at  Wild  park,  in  Magginton  parish,  and  Birch« 
~  park  in  Boston.  Millstone-grit  also  occurs  on  the  Trent 
Stanton  bridge. 


(O    COAL-FIELDS  OF  NORTH  STAFFORD. 

Taming  from  the  south  along  the  western  side  of  the  Penine 

\ny  we  meet  fai  the  north  of  Stafibrdshire  with  two  detached 

il-fields ;  namely  that  of  Cheadle,  and  that  of  Newcastle- 

r-Line,  called  the  Pottery  coal-field. 
Tke  Cheadle  coal-field  appears  to  consist  of  an  insulated 
of  the  lower  members  of  the  coal  series  surrounded  by,* 
reposing  upon,  mi  11  stone-grit ;  which  latter  rock,  according 
W  Blr*  Farey  ^<  from  Dilhom  northward  round  by  Ipstone  edge, 
knd  southwards  to  near  Oak  Moor  Mills,  declines  towards 
Gbeadle  as  a  centre ;  being  covered  by  the  lower  part  of  the 
series  in  Ipstone,  Foxley  and  Kingsley.  Near  Cheadle, 
to  the  south  of  it  the  coals  are  thicker  and  better  in  qua* 
Wtf  ;  but  the  great  thickness  of  quarts  gravel  which  occurs 
iyvthward  and  round  that  town  prevents  the  tracing  these  very 
iWHsftirlniilj  "  p.  173. 

n-'Of  the  Potteiy  coal-field  which  next  claims  our  attention,  a 
AMt  description  is  inserted  in  Pitt's  Topopgraphical  History  of 
■lidlbrdshire.  This  coal-field  appears  to  occupy  a  triangular 
of  which  the  apex  is  situiited  near  Mole  Copt  hill ;  hence 
sides  diverge  to  the  soeth-south-esst  and  sooth-sonth-west^ 
eack  direction  about  ten  miles* .  Newcastle-uuder-UM  in 
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situated  about  the  middle  of  the  base  (which  maj  be  estimated 
at  about  seven  miles)  but  falls  rather  within  the  area.  From  the 
two  sides  the  strata  dip  towards  the  centre  of  the  area.  Oa 
the  north-eastern  side,  the  inclination  westward  is  estimated  at 
one  foot  in  four ;  on  the  north-western,  where  the  strata  asp 
oat  against  Mole  Copt  and  the  Harecastle  hills^  the  incHaatiaa 
eastward  is  still  more  rapid.  We  are  not  informed  in  what 
manner  the  strata  lie  along  the  base  line  hj  Newcastle,  whetkr 
they  dip  north  and  so  render  this  coal-field  a  complete  mi 
insulated  basin,  or  whether  the  strata  continue  to  range  in  Mr 
former  planes,  and  thus  the  coal-field  in  this  directioa  teni^ 
nates  either  by  a  fault  or  by  the  overlaying  of  the  snpemlr 
formations.  As  the  red  roarle  occurs  near  Newcastle  on  thi 
south,  the  latter  is  perhaps  the  more  probable  suppositioBi 
Between  Burslem,  which  is  nearly  in  the  centre  of  the  coa^ 
field,  and  its  eastern  limit  at  the  range  of  hills  east  of  NortM  1^ 
church,  it  has  been  clearly  ascertained  that  there  are  3S  M  h 
of  coal,  of  Tarious  thicknesses,  generally  from  about  three  H  I S 
ten  feet  each.  p 

On  the  north-east  and  north-west,  the  coal-field  appeais  tt 
be  bounded  by  the  cropping  out  of  the  millstone-grit  on  whid 
the  coal  strata  rest.  Mole  Copt  and  the  Harecastle  hills  exhibit 
this  rock,  while  beneath  these  on  the  further  side,  the  csh 
boniferous  limestone  shews  itself  towards  Congleton. 


(/)    THE  MANCHESTER,  OR  SOUTH  LANCASHIRE 

COAL-FIELD. 

We  have  next  to  notice  a  far  more  extensive  and  important 
coal-field,  that  of  Manchester,  or  South  Lancashire ;  or,  as  it 
is  called  by  Mr.  Farey,  the  great  Derbyshire  and  Lancashire 
coal-field.  This  commences  in  the  north-western  parts  of 
Derbyshire,  and  ranges  thence  to  the  south-western  parts  of 
Lancashire :  forming  a  crescent-like  figure,  with  Manchester 
nearly  in  the  centre :  the  chord  or  span  between  the  opposite 
horns  of  which,  is  about  40  miles.  Speaking  generally,  it  maj 
be  said  that  the  strata  rise  towards  the  exterior  edge  of  this 
crescent,  along  which  the  inferior  strata  of  millstone-grit  crop 
out  from  beneath  them,  and  dip  towards  its  inner  edge;  along 
which  they  are  covered  by  the  superior  strata  of  the  newer 
sandstone  formation,  containing  occasionally  bed«  of  the  cal- 
careo-magnesian  conglomerate.  Great  disturbances  however 
interrupt  the  regularity  of  the  disposition  here  sketched  out. 
In  the  first  place,  what  may  be  called  the  south-eastern  horn  of 
the  crescout)  (otmiu!^  1K\^  ^rCiou  of  the  coal  afield  which  lies 
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in  Derbyshire  and  Cheshire,  hifiircates  at  the  Tillage  of 
ey  in  the  latter  county,  being  divided  into  two  branches  by 
itermediate  ridge  or  ^  saddle  of  millstone-grit ;  the  eastem- 
ch  forming  a  trough  of  which  the  strata  crop  oat  on  both 
I  against  the  mill-stone-grit."  To  this  part  of  the  field|  Mr. 
ij  has  applied  the  appellation  of  the  Goyte  Trough,  from 
lall  river  of  that  name  which  runs  through  it.  It  extencb 
it  1 5  miles  from  Disley  southwards^  to  near  Mearbrooke  in 
brdshire. 

f  the  western  branch  of  this  bifarcation  in  the  coal-field, 
Farey  gives  the  following  acconnt.  ^^  From  the  ridge  at 
ey,  the  strata  decline  or  dip  again  to  the  west,  but  not  so 
ily  as  they  rose.     This  occasious  the  coal-measures  in  this 

again  to  corer  the  millstom^-grit  for  some  miles  sooth- 
h-west  of  Disley,  when  a  fault  commences,  which  proceeds 
h ;  and  between  this  faolt  and  Macclesfield  the  measures 
n  basset  west." 

ir.  Farey  adds  that  he  was  nnable  from  the  limits  of  hit 
rvatious  to  stale  how  much  further  to  the  west  this  undti- 
g  of  the  strata  might  conthiue.  But  that,  from  some 
irsions  he  had  made  to  other  parts  of  this  field  m  Cheshire 

Lancashire,  he  was  ^^  induced  to  think  that  enonnous 
a  eccur  m  these  districts,  which  wilt  render  the  elucidation 
beir  highly  valuable  strata-,  containing  more  than  50  seami 
oal  in  a  few  hundred  yards  of  sinking,  a  work  of  some 
ur  and  difficulty." 

ia  much  to  be  regretted  that  we  have  no  precise  infbr- 
on  with  regard  to  the  remaining  and  far  more  important 
of  this  great  coal«field,  which  lies  within  Lancashire.  But 
to  be  hoped  that  the  scientific  spirit  which  has  always  pre- 
id  at  Manchester,  will  not  much  longer  suffer  this  deficiency 
Kiat  on  a  point  so  peculiarly  connected  with  the  local 
■eats  of  that  great  and  opulent  town.  At  present,  however, 
ind  nothing  to  add  to  the  very  general  view  already  given,' 

the  exception  of  the  short  memoir  of  Mr.  Bakeweli's, 
iahed  in  the  second  volume  of  the  Geological  Society's 
aactions,  which  relates  only  to  a  small  and  insnlated  pof- 
of  this  field  (by  him  entitled,  the  coal-field  of  Bradford), 
iding  little  more  than  two  miles  in  length,  by  2000  yards 
■eadth. 

M8  tract  is  situated  on  the  river  MedloCk,  a  short  distance 
aonth-east  of  Manchester,  and  the  phosnomena  presented 
\^  are  shortly  as  follows.  It  is  surrounded  on  every  side 
pt  the  east  by  the  prevailing  red  sandstone  of  the  environs' 
lanchester,  of  which  the  relation  to  the  coaKmeasurer 
ars  in  this  neighboorhood  not  to  hafe  been  ascertained; 

3c 
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tat  whid^  MMit  piDlMbly  li  tke  Mver  tfaA.mdMMB;  a 
j«ctant  streogtheoad  f fom  tke  cifciiwtmce»  that  bads  of  Um- 
slQiie  are  Interpowd  between  it  end  4he  hi|^iieet  oael  itntii,ft 
pMltioD  whicb  exacUy  agrees  with  that  af  the  magniiiM  !■■. 
B^nc«th  thli  limetlone  seTeral  beda  of  ceal  baaeet  ont»  ririat^. 
U^  nortii  nnder  an  angle  of  30P.  Oneof  theae,  niMvtliaaaMk 
qir  the  field,  U  four  feet  in  tkickneia.    To  the  ninrth  af  flma 
hiclided  h^di  an  intenra)  occnri  In  wUch^the  dlieclion  aC  At  |j 
bcdi  becomei  suddenly  vertlGal ;  and  one  of  the  Tefticnl  badhiK 
exactljr  resembles,  both  in  itself  and  its  coneoipitaBt  stialB,4t 
foor-foot  coal  above  mentioned,  that  little,  dniht  can  eiiiBt(Cy| 
b^ang  a  continnation  of.  that  bed,  brdkcn  off  nad  thtaNQi  iiij! 
ill  present  position :  with  these  vertical  beda  the 
terminate  for  some  distance  on  the  north*,  nn  astennl  i| 
red  sandstone  succeeding ;  lieyond  whichy  however,  at 
distance  of  1400  jards,  they  agahi  eaaeign  in  the  call 
Droylsden,  rising  as  at  first  towards  the  north.    Tkese  dros^^j 
rtances  appear  asAj  to  indicate  tliat  the  eoal-naeasnrta  .iMa 
here  been  dislocated  by  considerable  fiuilts  and  sobsideaccii' 
and  that  the  newer  red  sandstone,  in  conseqaeiice  of  its  hsiisi 
been  deposited  after  those  subsidences  had  taken  place,  btf 
insinuated  itself  into  the  vacuities  which  they   occasisoii 
Such  a  position  must  be  familiar  to  those  who  have  atteatifc^ 
examined  the  analogous  formations  lA  the  sonth-west  of  £b|* 
land. 

The  north-west  horn  of  the  crescent  formed  by  the  greit 
Manchester  coal-field  appears  to  be  about  Prescott,  not  hr 
from  Liverpool. 

(g)    THE  NORTH  LANCASHIRE  COAL-FIELD. 


Towards  the  opposite,  or  northern  extremity  of  TjancaslHrei 
another  coal-field  occars,  half  way  between  Lancaster  urf 
Ingleton.  It  is  of  small  extent,  and  has  never  been  tliorooglilv 
examined.  It  probably  forms  a  small  insulated  basin,  sorrooDded 
by  miUstone-grit :  but  its  northern  extremity  approaches  si 
nearly  to  the  transition  slate,  on  which  the  mountain  liniestoM 
of  Ingleborough  rests,  that  it  is  difficult  to  explain  its  positioai 
without  having  recourse  to  the  theory  of  a  considerable  sib> 
sidence  having  depressed  the  coal-measures,  and  thus  brMght 
them  down  nearly  to  the  level  of  the  slate  in  that  quarter.  It 
is  believed  in  confirmation  of  this  idea,  that  a  second  ridge  sf 
limestone  exists  on  the  south  of  Ingleton,  dipping  rapidly  ia  t 
direction  contrary  to  that  which  forms  the  base  .of  the  adjaceat 
mountains,  namely  to  the  south-east,  and  so  sinking  beDsstk 
this  coaL->field«     But  the  obserrations  are  very  imperfect. 
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We  begio  M  before  with  the  northera  extremity  of  the  chain. 
(<t  this  quarter  Mr.  Wiach  has  classed  the  beds  of  which  wo 
i  now  abomt  to  treat  together  with  the  sobjacent  strata  of 
'bonifenms  limestone,  vader  one  order  of  rocks,  to  which  he 
stows  the  common  name  of  Lead  measures.  But  the  dis- 
ction  which  is  here  proposed,  is  imperatively  required  by 

*  stractore  of  the  southern  parts  of  the  chain  in  Derbyshin* : 
i  even  in  the  northern,  the  following  considerations  will 
nee  its  propriety.  The  sections  of  the  workings  at  Hely, 
dstone  Moor,  and  Dufton,  as  given  by  that  gentleman  (which 
:en  in  succession  afford  nearly  a  complete  view  of  the  series 
beds  occuning  within  this  district,)  exhibit  a  total  depth  of 
out  450  fathoms.  Of  these,  the  beds  constituting  the  upper 
rtion  to  the  depth  of  150  fathoms  (in  which  the  millstone- 
t  occurs)  contain  only  two  thin  beds  of  UmestonCy  each  but 
p  fathom  in  thickness^  but  in  the  lower  portion  1 9  beds  of 
estone  occur j  many  of  very  considerable,  thickness^  amount' 

*  together  to  one^third  of  the  total  depth  of  this  portion.  So 
it  the  lower  portion  may  be  considered  as  distinctly  cha- 
terised  by  the  abundance,  and  the  upper  bed  by  the  almost 
al  absence  of  limestone.  Workable  seams  of  coal  also 
rasionally  occar  in  the  upper  portion,  but  none  in  the  lower, 
iough  some  faint  traces  of  the  same  mineral  may  even  there 
traced. 

jruided  by  these  principles,  we  select  for  our  present  obser- 
ion  only  the  upper  portion  of  the  beds  comprised  ia  the 
tions  published  by  Mr.  Winch;  those  namely,  which  occur 
the  workings  at  Hely  field  on  the  Derwent,  and  Aldstone 
*or,  above  the  thick  calcareous  bed  called  the  Tumblers,  and 
at  Limestone.* 

*  SettUm  •fth*  Lead'tmne  strata  at  Hely  FUU  on  tki  rivtr  Dtrntrnt* 

Fi.  Y.  Ft.  In. 

SlatesiU 2     1-.— 

Plate SI 

Different  Oirdle  beds 8  —  ^  — 

PJate 8     1 • 

Freestooe  f fine-grained  sandstone)...    1  "  —  •— 

Coarsehazie 1     1  _ — 

Plate  and  Blue  whin ]  —  .-i. -^i. 

Plate  and  Grey  beds «.  ...    s  — 

Hard  stone  and  Whin •. •..     1  —    8 —^ 

PlateandWhin 118  — 

Plate 8    1 

Millstone  grit .., ,.    a  «^  -*  — 

Plat^. ....«•  , ........^.......^    4    1  —  — r 

Hardbazle 8    1 

Grey  beds.   (Thin  layers  of  date-clay  x 

and  Mpdsionf  mkcmaMs^)* >  — --  — 

Freestone  «... «•    7  —  —  •* 
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Vbte ..^.—i.. 1  — . 

HMleorSbu ^ 8    1 

Hate  or  Famp  .  •  •  - * —  —  — . 

Hisle  Md  Plate 8    1^-. 

Wate « 

HasM or  olata  •••••••■••••••  •••••••••  i     1  ~»  ■-* 

Plate  apd  Ofcjr  beds 1     I 

Thin  itratiuD  of  Orej  beda  •...•••••*  15  •—•-•  — 

nrthooM  74 -^ 

BtttSm  ^ih  Ltai  mim  Sifwtm  m  AUdmt  Mmr^  CuwAttiwmi 

■  R.  T.  Pk.  In. 

OffindtfsaeaU 4 

Plate 6  ..  —  — 

HmU * 1 

Plate  .,. « 

LlHItTOMB 1    *-  —  ^ 

Crovr  Coal  occanonallT. 

Haale  or  Upper  Coal  aUl 1 

Plate 8 

Haasle I     1     1  — 

Plate «     1 

Hasle 9»    e_ 

Plate 1  — 

Upper  Slate  sill 4  —  -»  — 

Plate I     I 

Lower  Slate  sill ^ 4  —  — >  — - 

jnaic  *••••••  •••  •  •  ■•••••■•••••••  •  .•  •»  •  ■  o  ^"^     m  "^^ 

Whetstone  till.    (Finegrained  Mica- 

ceoos  sandstone) I     I 

Plate.    (Ferruginous  sandstone] 8  —  —  — 

Iron-stone  with  Coal  1  —     I  — 

Freestone  with  Iron  pyrites  ..«• 5     1  —  '*- 

Plate C  —     1  .— 

Girdle  beds —     1     S  _ 

Plate 3     I 

Pattison*s  sill  or  hazle.     (Very  hard 

grey  sandstone  with  specks  of  mica)  1     1  — •  — 

Plate 3 

JLlTTLB  LiMESTONB    1       1       |    _ 

Littlehazle —     t     9  — 

Plate « — 

Coal  occasionally. 
High  Coal  sill.   (Hard  grey  sandstone 

with  speeks  of  mica)    1     1     1  — 

Plate 1 

Coal  occasionally. 

1-owCoalsill 2 

Plate 3  —    8  — 

Fathoms 77    4 

Preceding  section  74  —  —  — 
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aod  this  is  probabl  J  short  of  the  truth ;  since  we  haTe  no  evi- 
dence that  the  highest  beds  at  Aldstone  immediately  succeed 
to  the  lowest  at  Hely.  But  the  interval  is  probably  not  con- 
nderable,  so  that  the  above  estimate  may  be  admitted  as 
tolerably  correct.  The  prevailing  rock  of  this  series  is  shale, 
(JknowQ  by  the  provincial  name  of  Plate),  with  which  various 
beds  of  sandstone,  differing  in  hardness  and  texture,  and  accord- 
ing to  these  differences  distinguished,  as  freestones,  hazles, 
whetstones,  grindstone,  and  millstone,  occur :  of  the  latter  only 
«ne  bed  is  worked  ;  the  thickness  of  which  is  about  30  feet.  This 
is  one  of  the  uppermost  strata  on  the  Derwent,  where  it  crops 
-oat,  and  does  not  occur  further  west.  A  similar  rock  is  found 
in  the  north-east  of  Northumberland  at  Scramerstone,  four  miles 
south  of  Berwick,  and  at  Crastcr  near  Howick:  it  entirely  agrees 
with  the  character  given  of  this  rock  in  the  general  account  of 
the  formations.  The  freestones  of  this  formation  frequently 
contain  vegetable  impressions. 

Towards  the  lower  part  of  this  formation,  two  thin  beds  of 
limestone,  each  about  one  fathom  in  thickness,  occar;  and 
alternating  with  them,  some  occasional  seams  of  coal.  In  the 
noontaioous  tract  dependant  on  Cross  Fell,  these  seams  are  so 
thin  as  to  be  of  little  importance ;  but  in  the  flat  country  in  the 
north,  they  appear  to  dilate  considerably  ;  for  several  valuable 
coal-pits  are  worked  on  the  north  of  the  Coquet,  in  beds  which 
■inst  be  referred  to  this  formation.  The  feature  which  dis- 
tinguishes these  coal-measures  from  those  of  the  principal  coal- 
Ibrraation  before  described,  is  their  alternating  with  strata  of. 
limestone.  In  one  instance  this  limestone  is  said  to  contain 
bivalve  shells,  but  the  species  is  not  mentioned :  particular  at- 
tention should  be  given  to  this  portion  of  our  strata,  since, 
according  to  the  views  of  some,  they  might  be  expected  to  pre- 
sent similar  phcenomena  with  regard  to  the  alternation  of  beds 
containing  ftiiviatile  and  marine  reliquia  with  those  so  strikingly 
exhibited  by  the  most  recent  formations  in  the  Isle  of  Wight,^ — 
it  being  generally  asserted  that  the  shells  accompanying  the 
coal-strata  are  fluviatile,  while  the  limestone  beds,  which  in 
this  part  of  the  scries  alternate  with  the  coal,  seem  closely  to 
agree  with  the  inferior  or  carboniferous  limestone,  which  is 
nndoobtedly  of  marine  formation.  We  have  however  already 
loggested  our  doubts  whether  the  shells  in  the  coal-measures 
are  really  fluviatile. 

The  collieries  to  which  these  remarks  apply,  extend  over  tlie 
wliole  of  the  flat  country  between  the  mouths  of  the  Tweed 
^and  Coquet.  Their  stratification  is  less  regular  than  that  of  the 
great  coal-field,  an«l  undulates  with  the  surface  of  the  country. 

To  return  to  the  rocks  of  this  formation  as  exhibited  in  tJbdb 
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Am^slmrt  it,  Ibe  tiAjMest  iMdfe  #r 
iriMTtt  •xp^Md  towards  tli0  nrfddls  or  l9Mr  «e|ta»«fli* 
fidlaji^  or  by  the  tlope  of  the  greolmotAw  oMtfpioNnM'^ilill 
tfao lowor bodr  of  iblt aorioiv  ioioMUoAh  tteoooOfli^ltfM 

fhMyfom  tlM  tmnnk  of  tKe  lofty  CM»  Foil  Mdtftt^^ 
fcoting  oorfaoooei,  ...'.->;'^ 

Hero  the  ttfota  oppoar  ttf  difi  Sf^  ll^  tor  flwiprtHfc  wtmimnMI 
oo  cnMriDg  the  mdgo  from  ooatWweityihoy  will  to  aoaMNpt 
piagoot,  ooe  after  the  otheiv  aod  Ibntelog  |MvaAii^iM|lMr 
aavdiDg  from  toatk*coft  t«  aovAi-waat.^  n#-  _ 
Aopbanco  which^  interTeret- with  tlna  regalafiiy  off 
oocarioaed-  bf  m  thick  metalUfefoi  whr  collod 
D|fko,  wUch  oMMea  the  strata  aear-  Ao  ftnad  of 
olerateg  tftom  in  loaie^  plaeev  to  abOMf  80 
eMttorotMey  aad  ift  otiioiw  greot^  tf tpiiiaiat  tliaaa* 
oos  to  this  dyke  the  strata  rise  at  as  aa^o  ofM^  ■  - ,      •  'W.] 

The  saoM  oMMitutibii'OOBtitioes  to  praMH  dtoovfl^-AlMVia^ 
isiiis  of  the  north  of  Yori^shlre^  The  beds  of  tA«  IbnMfial  # 
pfosent  described,  oompesfaif  their  hiiclMr  tfof^ona^- aSi#ll>rili' 
jacenc  limestones  appekrhif  in  their  iMdiiea«id  ioitaidb  tlMlf 
base,  as  may  be  seen  to*  the  greatest  adraatago  iki  the  MjflM 
itourhood  of  lngleboM>agh,  ai^  as  fsr  south  aa  CUtlberoe  f  tS* 
yoad  which,  the  shale  and  millstoae-ifrlt  coBStifate  Slio  oalKI^ 
floass  of  tlie  moootaifis,  (the  lower  fomatiook  being  Ontnelf 
eoncealed  through  an  intemdof  near  SOmiies),  nntH  tbeysgalip 
emerge  in  Derbyshire.  CoOceming  tibis  interval,  we  lliive  is* 
precise  information  than  with  respect  to  any  other  part  of  fM 
chain ;  bat  it  is  also  from  its  uniformity,  far  l^ss  interesdag^' 
presenting  the  rocks  of  tins  single  formation  esolasirely,  it 
strata  which  generally  appear  to  dip  from  tlio  centiai  lidgt 
towards  the  east  on  the  one  side,  aiui  the  west  on  tlhe  oIlMir 
About  Pendle  hill,  howerer,  which  rests  vpon  the  liiaeaisntf  <> 
Clitheroe,  it  is  said  that  the  stratificatioa  is  more  distarbedL 
and  near  this  point  the  mountains  extend  more  to  tike  wastiMBW 
tiian  usual,  forming  the  heights  of  BoUand  forest^  which  appitf 
to  consist  entirely  of  the  beds  of  the  present  formatioBt  Iktf 
copper  mine  of  Angleiark  near  Choi^y,  long  but  falKfy  t^kf* 
brated  as  the  only  one  in  England  producing  caibansic  of 
liarytes,  is  situated  in  this  district*  And  Iwre  w^  liaire 
to  lament  that  the  details  of  the  geology  of  LaacnslHre  are  I 

«  Mr.  Winch  itatoi  Owdip  to  bt  to  dia«>athkaMraiUldMllaftarbctfisg^ 
from  touth- weit  to  nonh-eatt.  But  a*  such  a  directi<Mi  ii  ahogrthig  iacflo- 
•istenc  with  the  ascertained  position  of  thfl  places  where  thc-samc  tttaiaasi 
worked,  1  have  ventured  to  correct  it  as  abovd,  suppoiing  an  error' of  the 
pre9». 
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than  thoM  of  almost  any  other  coant  j,  and  io  exprea 
hope  that  the  natuialists  of  Lirerpool  and  Manchester  will 
Bhsrtly  enable  ns  to  speak  with  greater  precision  of  their  imme* 
alisite  environs. 

CoDceming  the  central  regions  of  this  chun,  Mr.  Bakewell 
gswegtt  us  with  the  following  notices.  ^'  Millstone -grit  forms 
Kile  summit  of  Blackstone  Edge,  Pule  Moss,*  East  and  West 
Blab)  and  all  the  higher  hills  in  Uiat  part  of  Yorkshire.  A  per- 
Bsrstion  of  three  miles  was  lately  made  through  Pule  Moss, 
9BO  feet  below  the  summit  of  the  hill,  to  form  a  tunnel  for  a 
canal  from  Huddersfield  to  Manchester.  The  tunnel  appears 
te  have  been  principally  carried  through  the  shale  which  lies 
Eannediatel  J  upon  the  limestone ;  the  strata  are  elevated,  and 
Kadined  in  an  opposite  direction,  and  are  intersected  bj  a  laige 
djyke^  containing  a  vein  described  by  Mr.  Outram,  the  engineer, 
to  be  limestone,  (Phil.  Trans,  for  1796).  At  a  considerable 
distance  from  the  entrance,  a  number  of  balls  were  found,  com- 
of  aigillaceous  ironstone."  Mr.  Bakewell  also  states  that 
nillstone-grit  extends  from  a  little  east  of  Halifax  to  Black* 
Edge,  and  near  Todmorden,  where  its  beds  are  bent  in 
Kn  opposite  direction,  and  then  generally  follow  the  curvature 
of  the  hills. 

We  hare  thus  traced  this  formation  from  Northumberland 
hto  Derbyshire,  where  our  information  again  becomes  precise 
in  consequence  of  the  researches  of  Mr.  Whitehurst  and  Mr. 
Jkrey.  The  millstone-grit  and  shale  together  constitute  in 
Derbyshire  a  series  of  strata  very  closely  agreeing  in  their 
MgregAte  thickness,  with  that  presented  by  the  same  rocks  in 
Northumberland,  amounting  to  145  fathoms.  In  this  series^ 
mm  here  exhibited,  the  millstone-grit  (exhibiting  the  same  cha- 

ters  which  have  already  been  sufficiently  described)  constl- 
the  upper  portion,  extending  to  the  depth  of  120  yards^ 
the  lower  170  yards  being  occupied  principally  by  the  shale, 
containing  however,  some  alternating  beds  of  fine-grained  sili* 
grit  beds,  and  nodules  of  ironstone,  and  some  subordinate, 

d  apparently  only  local  beds  of  limestone.  In  Derbyshire 
tberefore,  it  appears  that  the  separation  between  that  part  of 
this  series  in  which  the  millstone-grit  prevails,  and  that  charac- 
tarised  by  the  shale,  is  so  well  marked,  that  they  may  be  sob- 
divided)  as  they  have  been  by  Mr.  Farey,  into  distinct  forma- 
tfrnia.  This  distlnetion  does  not  appear  to  be  equally  applioa- 
blo  Io  other  districts. 

The  millstone-grit  in  this  part  of  the  country,  ranges  at  some 


^  Tlw  whole  of  Roinaldi  moor  alto  contiflts  of  millftooe-griti  which  soine 
of  our  topographiad  writcn  havt  mittihsn  for  granite. 

3d 
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dtstance  roand,  tlii«e  sides  of  the  great  central  tract  of  car- 
boniferonn  or  mountain  limestone,  to  a  fij^ire  resembliag  a 
horse-shoe.  Tracing  it  from  soath-east  to  north,  and  tlieoce 
round  to  south-west,  U  may  be  said  to  begin  near  the  janctioi 
of  the  Derwent  and  Ecclesbam,  al>ODt  four  miles  north  of 
Derby;  it  there  occupies  both  banks  of  the  Derwent;  tlM 
keeps  the  west  side  of  that  river  as  far  as  Cromford ;  where 
having  crossed,  it  ranges  along  the  eastern  bank  for  nmj 
miles,  as  far  as  its  source  in  the  high  peak;  ail  the  wayocn- 
pying  a  narrow  band  of  country,  between  the  superstntaof 
the  coal-formation  of  Derbyshire  and  Yorkshire  and  the  n^ 
strata  of  shale.  From  the  northern  angle  of  Derby^ire  it 
bends  again  to  the  south  by  west ;  passes  near  Buxton,  ad 
thence  pursues  its  course  through  Staffordshire  in  a  line  mbk* 
what  broken  and  irregular,  wliich  may  be  most  clearly  dei- 
cribed  as  forming  a  narrow  band  round  the  sevenil  coal-icMi 
in  that  district  noticed  in  the  preceding  article.  The  hilb 
formed  by  this  rock  usually  present  a  bold  escarpment,  ad 
are  often  crowned  by  rude  piles  of  crags,  exhibiting  some  of  tk 
wildest  rock  scenery  of  the  district.  The  interval  between  thif 
circling  range  of  mountains  and  the  central  calcareous  groep 
is  usually  a  lower  district  occupied  by  the  shale  ;  in  which  hov- 
efer,  several  insulated  mountains  appear,  each  bearing  a  cap  of 
milhtonc-grit,  while  the  shale  may  be  traced  all  round  their 
base.  Mr.  Karey  has  given  a  list  of  20  instances  of  this  circam* 
stance,  which,  as  he  strongly  observes,  proved  in  the  most  cod- 
vinciufi^  manner,  that  the  surrounding  vallies  owe  their  origin  to 
denudation.  The  principal  of  these  insulated  mountains  b 
Kinder-Scout,  the  loftiest  eminence  in  Derbyshire. 

The  beds  of  limestone  subordinate  in  the  shale,  constitatf 
the  feature  perhaps  most  Mortliy  of  attention  in  this  tract 
Some  of  these  beds  afford  a  beautiful  black  marble.  The  most 
considerable  tracts  of  this  limestone  are  situated  near  the  ex* 
tremity  of  the  carboniferous  limestone  tract,  on  the  south-west, 
where  the  shale  limestone  abuts  against  both  sides  of  a  vast 
promontory  formed  by  the  hills  of  the  latter  variety,  extendini 
on  one  side  to  Mixon-hay  in  Stafford,  and  including  the  copper 
mines  of  Ecton  hill,  and  on  the  other  side  to  Atlow  in  Derby. 
As  these  tracts  are  placed  over  the  same  line  of  bearing,  Mr. 
Farey  thinks  they  may  have  once  been  united,  the  strata  hav- 
ing been  continuous  over  the  intervening  limestone ;  which 
may,  as  he  thinks,  have  been  elevated  into  its  present  position, 
and  been  subsequently  stripped  of  the  superstrata  in  question 
by  denudation.  There  is  another  considerable  tract  of  this 
limestoae  near  Bake  well. 
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The  strata  of  this  limestone  often  present  very  singular  con« 
»rtions.  The  most  remarkable  example  .of  which  may  be  seen 
vo  miles  and  a  half  east->north«east  of  Ashboaroe* 


Section  IIL 
Carboniferous  Limestone  of  the  Penine  Chain, 

The  chain  we  hav<|  been  so  long  considering  exhibits  the 
>cks  of  this  formation  wherever  its  lowest  beds  are  brought  to 
ew,  either  along  the  line  of  its  western  escarpment,  or  by 
le  deep  excavation  of  the  vallies  traversing  it,  for  nearly  100 
liles  from  its  northern  extremity  as  far  south  as  Clitheroe; 
id  two  calcareous  branches  detached  from  this  part  of  its 
»arse  embrace  and  encircle  the  transition  mountains  of  the 
ombrian  group  :  hence,  after  remaining  concealed  through  an 
iterval  of  about  40  or  50  miles,  it  again  emerges  in  Derby shire^ 
here  it  forms  a  mcuntain  plain  about  30  miles  in  length. 

The  section  published  by  Mr.  Forster,  and  those  inserted  in 
Ir.  Winch's  paper,  afford  the  best  materials  for  the  description 
r  this  formation,  in  the  most  northerly  pirt  of  its  course  ;  as 
I  this  district  the  limestone  beds  repeatedly  alternate  with 
thers  of  siliceous  grit  and  slate-clay,  and  bear  to  these  the 
roportion  only  of  1  to  2^9  it  is  here  a  matter  of  much  greater 
ifficulty  than  in  Derbyshire,  to  draw  an  exact  line  of  demarca- 
on  between  this  and  the  preceding  formation.  The  reasons 
hich  have  induced  us,  however,  to  draw  such  a  line,  have 
een  sufficiently  explained  in  the  foregoing  article.  Accordinj^ 
>  this  division  the  strata  assigned  to  the  present  formation, 
eginning  with  the  first  important  bed  of  limestone  (that  dis- 
iDguished  locally  as  the  Tumblers  and  great  Limestone,  which 
zceed  10  fathom  in  thickness,)  and  extending  thence  to  the 
>we8t  limestone  yet  discovered  in  the  chain,  will  constitute 
D  aggregate  of  about  954  fathoms  in  thickness  ;  of  which  about 
3  fathoms  is  formed  by  19  beds  of  limestone,  the  remainder 
eing  clay-slate  and  grit.  We  subjoin  an  abridgement  of  Mr. 
Vinch^s  section,  which  will  give  a  clear  and  precise  view  of 
he  internal  structure  of  this  portion  of  our  chain. 

Fi.  Y.  F.  lu. 

1.  Tumblers  and  great  lime ....   10     1 

Slate  slay  and  sandstone  ....   14     I  —  — 

2.  Limestone • 4 

Slate-clay  and  sandstone  ....     9  —  —  — 

3.  F/imcstone 2 

Slatc-cIay  and  sandstone  .  • ,  •     0  —    2  — 

3  J)  2 
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4.  Ttofitwir     .•i....  —    I    «  — 

ghrtfr^liy 111 iMJitwii  >>>^'  t    I-^  — 

6.  P"«toiiO 0  —  —  — . 

Skte-clay,  ftc,  witk  tUn  ooal 

ocniioinllT     III  4  <-* -"  *-~ 

0.   CoeUeiliellliiiMtoae ^  — -— .  1    • 

Shto-dftx^ftc 1.---  I — 

7.  limettone _    t    i  a 

Slato-cky,  fte. 4    4    I 

8.  TfB0  Bottom  UmettflM 3    11-^ 

WkteilUbMftit* •...  10 — 

aato-ckf ,  ftc 11    1 

0.  Jew  UmMtaDe 3  —  —  — 

Slale-cky,^^ 7    1 

la  littk  UmMfOM I  ^  .^^ 

Slate,  dnr,  ftc •  16  '1  ~  — 

11.  Sidtliylfane  •; '. 4-1 

Smditoiie •     1 

1%  UmeBiaobi.. 4    1  — .— 

SindttDoe  • . .  •  • .-  1  —  *—  — 

13.  LUnestontt' 3  —  ^ 

SUte-cky  • .  •  V 1     1 

14.  limestooe • 1     1 

Skte-ckj 1     1 

15.  RobioMMu's  great  Hme 14 

Skte-cky  aod  sanditone  •  •  •  •     3 
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Skte-ckj,  &c 4 

17.  Umettone 4  —  —  — 

Slate-ckj,  &c M 

18.  Limestone 8  —  _  — 

Slate-ckj,   &c.  containing  a 

7-inch  seam  of  coal 10  —  —  — 

Sandstone S8     1 

19.  Limestone 3     1  —  *— 

Total «54 


Beneath  this  are  40  fathoms  of  sandstone  and 
skte-cky,  and  Uien  the  old  rod  sandstone. 


•  Thu  baaaltic  •tntum  offirtt  one  of  tbt  nioit  imersrting  ^ 
tliit  district.  But  in  order  to  collcet  tOftCber  undar  on«  pohe  of 
the  circttDMtuicM  which  hear  on  the  ocenmoee  of  rodn  of  the  tnp  I 
mation  among  thote  attociated  with  the  coal  districts,  the  painea 
description  of  thit  and  all  similar  fKit  will  be  posgymed  to  an  a|ipmi 
•B  tUf  isbiecri  with  which  tbk  aeeosm  of  tht  cod  dmcCs  wiO  com 


All  these  Umettoiiet  appear  to  contain  the  Encrinva.  Moat 
of  them  alto  bivalfe  shells;  and  that  called  the  Cockleshell 
limestone,  ojsters  ?  of  the  diameter  of  fonr  or  fife  inches.  Thej 
■eem  to  agree  together  in  every  essential  character,  as  well  as 
in  their  extraaeoos  and  natlt e  fossils. 

'    This  formation  is  the  great  repository  of  the  metallic  veins 
of  this  district. 

The  fissares  which  contain  lead  ore  in  the  mining  district,  are 
enctlj  similar  to  those  described  by  Williams  in  his  mineral 
kingdom.  Soch  as  ranges  from  north  to  sooth  are  called  cross 
veinsj  or  (occasionally)  difkes;  they  are  generally  of  great 
magnitude,  and  seldom  carry  ore ;  the  most  Talaable  mineral 
depositories  are  fissures  from  three  to  six  feet  wide,  running 
for  the  most  part  from  north-east  to  south-west,  and  catting 
the  cross  yeins ;  the  cross  veins  being  frequently  rendered  pro- 
ductive to  some  distance  from  the  points  of  intersection. 

The  same  vein  is  productive  in  different  degrees  at  different 
depths,  according  to  the  bed  which  it  traterses.  Generally 
speaking,  veins  are  most  productive  lietween  the  grindstone  sill 
and  the  four-fathom  limestone;  none  have  been  worked  in 
•Aldstone  moor  below  the  level  of  the  Tyne  bottom  limestone ; 
but  the-Dufton  mines  are  situated  in  the  lower  beds,  though 
none  are  worked  in  the  Melmerby  scar  limestone. 
'  The  limestones  are  the  chief  depositories  of  ore,  particularly 
that  called  the  greai  limestone,  which  is  considered  to  have 
produced  as  much  lead  as  all  the  other  sills  together.  Next  to 
■the  limestones,  the  strata  of  sandstone  called  hazles  are  the 
most  productive  of  ore;  but  the  lead-bearing  veins  appear 
compressed  between  these  hard  sills.  In  Arkendale  the  sills 
of  chert  yield  considerable  quantities  of  galena,  but  this  rock 
does  not  occur  in  the  mining  field  further  north.  lu  shale  the 
veins  are  comparatively  barren,  and  in  traversing  these  soft 
strata  weak  veins  ^  hade'  considerably. 

The  hade  of  the  veins  is  variable  in  degree,  and  in  direction. 
•When  the  veins  in  Weardale  point  east  and  west,  they  hade 
towards  the  south ;  but  in  Allendale  and  in  the  Aldstone  moor 
country  they  generally  hade  towards  the  north :  the  strata  are 
universally  elevated  on  the  side  towards  which  the  veins  dip. 

Veins,  that  are  otherwise  favourably  circumstanced  for  pro- 
ducing ore,  are  more  particularly  so  if  the  throw  or  alteration 
in  the  level  of  the  beds  of  limestone,  occasioned  by  the  vein, 
ifOtB  not  exceed  one  or  two  fathoms :  for  then  both  cheeks  of 
*A^  veins  correspond  in  their  nature,  and  limestone  does  not 
■become  opposed  to  shale  or  any  other  barren  stratum. 

The  beds  above  described  forms  the  whole  of  the  middle 
and  lower  regions  of  the  escarpment  of  Cross  Fell,  extending 
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•boat  two-thirds  ap  that  mountain.  The  j  mra  seen  near  tkU 
point  to  rest  on  the  old  red  sandstone  an«l  grejwacke  skte,  is 
described  in  Mr.  Bockland's  paper.  Greywacke-slate  she 
occurs  near  the  head  of  Swale-dale,  perhaps  connected  witktUi 
tract.  The  limestone  beds,  having  continued  to  Kirby  Stephes,* 
a  branch  of  mountain  limestone  is  thrown  off  from  them  lalbe  ^ 
north-west ;  which,  ranging  by  Orton,  Ilesket,  Irebj,  Cockfi^  i 
mouth,  Egremont,and  Haveuglass,  skirts  the  slate  mouDtuasof 
Cumberland  on  the  north-east,  north,  and  uorCh«west.  Fatths 
to  the  south  near  Ingleborough,  another  similar  brandiil 
detached,  which  skirts  the  southern  portion  of  the  same  mQA- 
taiii,  occupying  all  the  lower  portion  of  the  valley  of  the  Kcil| 
as  far  as  Kendall ;  thence  crossing  the  essuary  south  of  Ulww 
stone,  near  which  place  the  haematitic  iron  ore  is  procanj 
abundantly  from  this  rock  ;i'  and  proceeding  oTer  the  noilh 
of  the  Daddon,  till  it  almost  joins  the  former  branch,  and  thtf 
completes  a  calcareous  ring  encircling  the  transition  district  flf 
the  lakes.  This  calcareous  ring  is  attended,  as  has  been  befoif 
stated,  by  an  exterior  zone  of  the  coal -formation.  Tbe« 
branches  have  never  been  accurately  described  or  miootelj 
exaniinod.  It  should  seem,  however,  that  the  beds  of  lin^ 
stone  are  in  them  less  interrupted  by  heterogeneous  strata,  and 
of  greater  thickness  than  farther  nonh,  composing  almost  ei- 
ciu.*)ively  the  substance  of  entire  mountains.  This  descriptkn 
particularly  applies  to  the  southern  branch  ;  and  may  be 
extended  to  the  base  of  Inj^lebovough.  The  vast  base  of 
Ingleborough,  near  30  miles  in  circuit,  consists  of  limestone; 
Mhich  extends  in  a  similar  manner  beneath  the  neighboariog 
mountains  of  Whernsicie,  Penneirent,  Greg  roof,  Colmhill,  &c 
The  summits  of  these  mountains  consist  of  the  miIlstone«^t 
formation.  A  thin  seam  of  coal  also  occurs  near  the  top  of 
AVhernsido  and  Colni  hill.  At  the  foot  of  Ingleborough,  ■ 
contact  of  the  mountain  limestone  and  transition  slate,  was 
observed  by  Lord  Webb  Seymour  and  Mr.  Playfair,  going  the 
Askrigg  road  from  Ingleton.  About  a  mile  and  a  half  from 
the  latter,  an  opening  appeared  in  the  side  of  the  hill,  on  tJie 

*  Mr.  GreenoujQrli's  Map  reprcscnta  the  junction  of  the  limestODC  and 
ftlatc  incorrectly  in  the  neigh bourliood  of  Dent  d^le  and  Hou;^iU  felli. 
The  hills  marked  ».  n.  o.  y>.  ought  to  be  have  been  cr  Icured  slate,  not 
limes' uuc,  as  aUo  the  Riggs,  and  the  southern  point  of  Houghill  fells;  the 
southern  branch  of  limestone  is  also  incorrectly  given.  Whin  fell  ti  not 
limestone,  and,  e  contra,  the  hills  south  of  the  road  from  Kendal  U) 
Ncwby  bridge,  as  far  as  the  sands  of  Morecombe  bay,  arc  limestooe, 
though  in  many  casc»  coloured  in  the  map  as  slate. 

^  One  perpendicular  vein  of  iron  ore  traversing  the  limestone  is  SO  yardi 
wide.  Large  rriiiform  nodules  of  hxniatitcs,  some  even  weig'iiog  4  cwt. 
aic  loimd  m  lUe  \uo;iC  u\c. 
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right  hand,  »boat  100  yards  from  the  road,  formed  bj  a  Utg9 
rtoDe  which  lay  boricontally,'  and  supported  by  two  others- 
rtanding  upright.  On  going  ap  to  the  spot,  they  found  it  to 
be  the  month  of  a  small  caye;  the  stone  lying  horizontally 
being  fart  of  a  limestone  bed,  and  the  two  upright  stones  ver* 
tical  plates  of  argillaceous  schist.  The  limestone  bed  which 
formed  the  roof  of  the  cave,  was  nearly  horizontal,  declining 
loath-east;  the  slate  nearly  vertical,  stretching  from  west- 
■orth-west  to  east-south-east.  The  higher  regions  of  the 
■umntain  are  described  by  these  observers  as  consisting  of 
strata  of  limestone  and  grit,  nearly  horizontal  and  alternating* 
A  junction  almost  similar  may  be  seen  at  a  cascade  on  the  river 
Greata,  called  Thornton  Ford  :  but  here,  on  the  south  side  of 
the  river,  a  breccia,  containing  fragments  of  the  slate  imbedded 
is  a  calcareous  cement,  is  seen  interposed  between  the  lime* 
■tone  and  slate.  The  latter  rock  here  occurs  at  the  height  of 
7  or  800  feet  above  the  level  of  the  sea.  The  same  slate 
extends  lower  down  the  valley,  and  is  quarried  nearer  Ingleton. 

The  numerous  caverns  in  the  district  surrounding  Ingle- 
bonmgh  are  well  known ;  and  there  is  not  one-  of  the  many 
riralets  which  run  from  the  base  of  the  mountain,  that  has  not 
a  rabt^irraneous  passage  of  some  extent:  all  the  springs  rise  about 
the  summit,  among  the  strata  of  grit,  and  sink  or  fall  into  some 
hole  as  soon  as  they  descend  to  the  limestone  rocks ;  *  where, 
passing  under  ground  for  some  way,  they  burst  out  again  toward 
the  base.  Similar  caverns  occur  in  all  the  adjacent  hills.  Of 
these  the  Yordas  Cave  on  the  side  of  the  mountain  of  Greg 
foof  is  the  principal. 

Perpendicular  precipices  of  limestone,  provincial ly  termed 
tears,  exceeding  300  feet  in  height,  are  common.  The  roman- 
tic and  bold  scenery  presented  by  the  calcareous  mountaius  of 
Yorkshire  has  before  been  noticed. 

Calcareous  rocks  continue  to  prevail  down  the  course  of  the 
nibble  as  far  as  Clitheroe,  and  that  of  the  Air  as  far  as  Skipton. 
'  These  notices  have  been  confined  to  the  formation  we  have 
been  describing  as  exhibited  by  the  out-crop  of  its  strata  on 
the  western  side  of  this  grand  mountain  chain.  The  same  beds 
are  also  laid  open  by  the  deep  excavation  of  most,  if  not  of  aH 

*  The  source  of  the  river  Air  afFordt  a  good  example  of  this.  It  iunet 
Iroai  Malham  Tarn,  a  circular  lake  about  a  mile  in  diameter,  on  the  sum- 
nut  of  a  lofty  moor.  Proceeding  hence,  it  soon  loses  itself,  and  descends 
through  a  subterraneous  passage ;  whence  it  again  issues  at  the  foot^  of 
Malhitm  Cove,  a  perpendicular  limestone  rock  S88  feet  high.  During 
heavy  rains  the  suoterraneous  passage  is  not  sufficient  to  carry' ofi^  all  tfaS 
water ;  the  remainder  of  whicn  makes  its  way  over  the  surface,  tiU  it 
reaches  the  top  of  the  rotk,  and  precipitates  itself  thenco  in  a  magnificent 
cascade. 
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This  tnct  is  encircled  (et  hat  heen  Mkmij  stated  In  tverfhf 
of  theie  formationt)  by  taperstraia  of  shale  and  nililslune  gritJ 
from  beneath  these,  it  rises  on  the  eastern  side^  the  stnk 
ascending,  though  nnder  a  small  angle,  towards  the  west:  Isl 
along  its  northern,  western,  and  sooth-^estem  edge,  thnt 
ranges  (as  we  are  informed  bj  Mr.  Farej)  n  great  M^ 
which  bjr  elevating  the  limestone  tract,  or  depressing  thedi^ 
trict  beyond  it,  has  prodaced  the  effect  of  bringing  tlie  lavtfl 
bed  of.  the  limestone  into  inmiediata  contact  at  the  sane  isfri| 
with  the  strata  of  the  shale  formation ;  from  wbicb,  -were  thus 
no  soch  dibtnrbance,  it  wonld  be  separated  bj  the  Inlerrcnlha 
of  the  three  upper  beds  of  limestone  and  all  thoae  of  toadrtjas." 
This  b  described  by  Mr.  Farey  as. the  great  limeatime  fsaiU 
It  is  observable,  that  from  the  line  joining  the  two  easlsn 
eitremities  of  this  fanlt,  as  from  a  hhige,  all  the  strata  liM 
more  rapidly  to  the  west. 

The  lowest  itraium  itfUmettone^  being  that,  on  the  ontgslBf 
or  outcrop  of  which  are  situated  tiie  Pnk  forest,  Bnitsn  sai 
many  towns  on  the  south  of  it,  passes  across  Dove  dale  saA 
IVetton  dale :  the  Weaver  hilb  consist  of  It.  In  it  :alre  msay 
caverns,  as  the  immense  one  called  Elden  hole,  north  of  Pttk 
Forest  town  ;  the  Devil's  hall,  connected  by  a  tunnel  with  dM 
Speedwell  mine ;  Poolt  hole  near  Boxton,  and  several  of  kn' 
note. 

The  thickness  of  the  lower  limestone  Is  not  losown  ;  it  cfr-^ 
tainly  exceeds  350  feet.  We  are  consequently  igndvant  of  ths 
rock  on  which  it  rests.  It  is  reguUrty  stratified,'  cAntisting  ef 
vefy  many  bedi^  levtnl  oC  which  are  of  consideMiIe  thick* 
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less ;  some  thin  ones  are  described  as  being  a  freestone  (being 
*i  a  more  compact  grain  than  usual) :  its  colour  Taries  from 
rhite  to  a  yellowish  stone  colour:  it  rarely  inclades  dark 
oloored  beds.  Small  entrochi,  numerous  anomia  and  other 
hells  and  organic  remains,  occur  throughout  the  whole  of  thif 
tratam :  in  some  mines,  a  thin  bed  of  clay  had  been  found  in 
U  The  lime  yielded  by  this  stratum  is  preferred  to  that  of 
he  strata  abo?e  it.  A  bed  of  toadstone  lies  on  it,  but  we 
nropose  to  notice  together  the  three  beds  of  this  substance,  and 
herefore  proceed  to  the 

Second  tiraium  of  iimesione.  This  is  about  210  feet  in 
hickness,  and  consists  also  of  many  beds;  the  superior  ones 
ire  often  of  a  dark  colour,  and  contain  nodules  of  black  chert, 
hells  of  the  genus  anomia,  madrepores,  &c. ;  some  of  the  beds 
te  quite  black.  It  contains  layers  of  clay,  and  towards  the 
Dwer  part  of  it,  some  di^rk  beds  of  limestone  contain  white 
oadrepores.  Imbedded  masses  of  toadstone  occur  in  it.  On 
his  lies  another  bed  of  toadstone,  to  which  succeeds  a 

Third  stratum  of  limestone.  This,  like  the  two  preceding . 
trata,  consists  of  many  beds  whose  average  thickness  is  about 
50  feet :  and  it  is  worthy  of  note  that  seyeral  of  them  are  of 
aagnesian  limestone.  In  some  places  the  upper  beds  partake 
D  greatly  of  the  nature  of  chert,  as  to  be  unfit  for  the  purposes 
i  the  lime-burner ;  these  cherty  masses  are  usually  called  in 
>erbyshire,  dunstone^  or  bastard  limestone.  Here  and  there 
ire  masses  of  white  chert  or  china-stone.  Some  few  beds  con* 
aiB  entrochi ;  and  towards  the  lower  part  are  beds  of  a  very^ 
lack  limestone,  which,  as  it  takes  a  very  brilliant  polish,  is 
armed  black  marble.  It  contains  thin  beds  of  clay.  On  this 
tiatam  lies  the  third  bed  of  toadstone,  on  which  reposes  the  . 

Upper  limestone.  This,  like  the  preceding,  is  about  150 
iset  in  thickness.  In  it,  as  in  the  three  lower  strata,  some  thin 
leds  of  clay  are  found,  and  it  contains  imbedded  masses  of 
oadstone,  though  rarely.  The  upper  beds  are  of  that  variety 
if  limestone  called  swtne-stone,  and  are  often  dark-coloured 
If  black :  near  the  top  are  found  layers  of  nodules  of  black 
ihert,  similar  in  their  arrangement  to  the  flint  nodules  in  chalk; 
a  the  upper  beds  also  the  shells  called  anomia,  and  others^ 
ire  common.  The  middle  beds  contain  vast  assemblages  of 
satffochi,  and  are  occasionally  quarried  as  marbles ;  and  it  is 
emarkable  that  in  some  places,  where  these  middle  beds 
Mttset  out  on  the  surface,  masses  are  ploughed  up  from  beneath 
he  allnvial  soil,  exhibiting  the  casts  of  the  inside  of  entrochi 
a  chert ;  these  are  commonly  called  screw^stones.  Blocks  of 
hose  were  heretofore  used  in  the  forming  of  mill-stones,  which 
rere  employed  instead  of  the  French  buhr-stone.  This  stratum 

3£ 
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contuiis  beds  of  what  is  termed  nhite  rhert  or  china^slona,  ol 
which  canfiiderable  quantities  are  used  in  th«  Slaflbrdituit 
potteries.*      (  F.  27 1  &  seq.) 

Th«  impressioa  of  a  crocodile  wbb  said  to  have  been  iattA 
in  thia  stratum  b;  Mr.  11.  Watson  at  Asliford  (seeWhitehaitt); 
bot  we  have  been  informed  on  enquicj,  that  an  orthocentilt 
was  mistaken  for  smne  part  of  this  animal. 

The  description  of  the  intervening  strata  of  loadslooe  iri^ 
bere  with  propriety  be  introduced  ;  but  for  the  Teasans  be(«n 
assigned,  when  meutioniog  the  whin  sill  of  NoHhnniberlud, 
it  appears  more  conTenient  to  refer  them  to  the  appendii 
on  the  occurrence  of  rorks  of  the  trap  formation  amoog  ihoM 
associated  in  the  coal  districts:  we  shall  here  only  naaAi, 
therefore,  that  the  lowest  is  66  feet  in  thickness  ;  the  middk 
138  feet;  and  the  upper  46.  We  hare  thus  a  total  asceftaiiel 
thickness  of  1010  feet  for  the  rocks  constituting  Ike  at 
careouB  tract  of  Derbyshire,  of  which  760  feet  is  linmtoMl 
and  253  feet,  toaditoiie.  This  will  serve  as  a  pmnt  of  on- 
parison  with  the  account  already  inserted  of  the  beds  of  (hi) 
formation  in  North umberUnd.  The  thicknesses,  however,  <i( 
these  beds,  and  especially  of  the  loadstone,  are  Tery  variaUt. 
We  now  pass  to  the  consideration  of  the  mines  of  Derbystuw, 
which  are  entirely  situated  in  this  tract. 

The  out-going  of  the  strata  just  described,  forms  the  grMt 
Lead  district  of  Derbyshire;  very  numerous  veinj  have  Imu 
worked  in  it  principally  for  lead,  hut  the  ores  of  zinc,  puagi- 
nese,  copper,  and  iron,  also  occur  in  them ;  but  they  are  max 
plentiful  and  productive  when  in  the  limestone,  than  whrnii 
the  other  strata.  It  has  been  supposed  that  lead  ore  has  nt 
been  found  in  the  toadstone,  but  nineteen  instances  of  its  di*- 
covery  in  that  situation,  in  strings  and  short  branches,  are  hkd- 
tioned.  A  vein,  somewhat  approaching  the  peijietidicakr,  ii 
in  Derbyshire  termed  a,  rake  vein.  Rake  veins  are  from  two  oi 
three,  to  thirty  or  forty  feet  wide.  A  lai^e  cavity,  often  nftiif 
horizontal.,  between  beds  of  limestone,  and  containing  spars  tad 
ore,  is  termed  a  pipe  vein.  Veins  {or  rather  beds)  of  this  d«- 
criplion  are  sometimes  of  considerable  height,  and  from  two  M 
fiOO  ff'et  wide,  aud  are  commonly  connected  with  the  surface 

•  Ii  is  in  a  mountain  compoied  of  limeitone,  Ihit  the  beautiful  n>»«0 
of  varioui  coloured  fluor  apar,  termed  Blue  John,  aie  (ound.  Th«  mwiii- 
tain  bai  no  appearance  ol  rrgular  &t rati li cation,  and  i>  full  of  linurci  ari 
civerna  of  immenie  depth:  the  fiuor  occun  in  these  nearlv  horiaootil 
bed>,  or  [BIher  openinn,  which  ari  termed  jtift  vtirn,  and  »  fOnnd  Df ' 
roundiih  fnnn,  in  which  it  wemi  to  !i»»e  cryatallixrd ;  hutthecmtH'' 
frequently  hollow.  It  ii  from  thew  maaaes  that  elcjanc  tiki,  &(■  V 
;!ijmifi«uredb-sMavii;8i.Co.    (.W.e^.l 
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bj  means  of  a  rake  Yein ;  when  without  thift  kuid  €ff  connexioa^ 
the  nearly  horizontal  depoute  is  termed  a  jflaf^wark^  which  itr 
rare.  The  direction  of  the  veins  containing  ore,  appears  to  be< 
nearlj  east  and  west,  and  their  biade  or  underlie  beneath  the 
surface)  towards  the  north  or  south;  but  in  this  respect,  it  if 
said  that  a  vein  will  change  two  or  three  times  from  north  to. 
south :  these  Yeins  are  crossed  by  others  whose  direction  oo  the 
nrface  is  nearlj  north  and  south.  The  east  and  west  veins  ill' 
descending,  are  always  cutoff  b^  the  Hraia  qftoadstone^*  which 
dierelbre  pass  through  and  divide  them ;  and  it  is  worthy  of 
note,  that  when  the  vein  is  again  found  in  the  stratum  of  lime* 
atofie  beneath  the  toadstone,  it  is  not  immediiUel^  on  m  Umt 
with  the  upper  part,  nor  exactly  of  the  same  nature ;  in  this 
case  a  vein  is  said  to  have  squinted.  The  toadstone  is  said, 
aometimes  to  assume  the  consistence  of  clay.  It  has  been  before 
BoUced  that  the  limestone  strata  contain  thin  beds  of  clay,* 
termed  by  the  miner  waif 'boards ;  these  sometimes  pass  through 
and  divide  the  veins  of  ore  in  the  same  manner  as  the  Coadstene 
does :  and  so  complete  is  the  separation  of  the  veins  of  ore  by 
the  clay  and  the  toadstone,  that  not  e? en  the  water  in  the  upper 
mrt  of  the  vein  penetrates  through  them  into  the  part  beneatk^ 
The  sides  or  walls  of  a  rake  vein  are  commonly  lined  by  fiuor^ 
or  cawk,  or  calcareous  spar,  termed  by  the  miner  vein^stuff; 
between,  or  against  these,  lies  the  ore,  which  sometimes  fills 
up  the  space  between  them,  and  is  then  termed  a  rib  of  ore. 
But  it  sometimes  happens  that  the  vein-stuff  of  each  wall  of  the 
vein  is  nearly  compact,  both  so  completely  occupying  the  vein, 
that  they  meet  together  in  close  contact  in  the  middle ;  form- 
ing what  might  be  termed  from  its  appearance,  a  vertical  crack 
down  the  vein.  The  two  faces  in  contact,  appear  as  though 
they  had  been  polished,  and  are  ribbed  or  somewhat  fluted 
horizontally ;  and  the  face  of  each  is  sometimes  covered  by  a 
remarkably  thin  coating  of  lead  ore ;  these  planes,  when  sejpa*-. 
rated,  are  the  slickensides  of  the  mineralogist.  This  circum- 
stance is  altogether  remarkable  in  itself,  but  an  extraordinary, 
effect  ensues  when  one  side  of  the  vein-stuff  is  removed.  The 
other  side  then  cracks,  especially  if  small  holes  be  made  in  It^ 
and  fragments  fly  off  with  loud  explosions,  and  continue  so  tQ 
do  for  some  days ;  as  is  the  case  in  the  Gang  n^ine  in  Cromford| 

*  We  mast,  howler,  exercise  some  caution  in  adoptixig  this  opinion  f 
for  since  the  publication  of  the  works  whence  the  above  information  was 
extracted,  indications  have  in  some  instances  been  found  of  the  passage  of 
the  lead  veins,  into  the  toadstone.  The  subject  is  yet  veiled  in  soma 
obacnrity,  but  it  is  certain  that  the  ore  generally  stops  where  the  vein 
descends  into  the  toadstone}  in  which  the  lead  has  hitherto  been  found 
only  in  very  small  qnantities,  chiefly  in  strings. 
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■where  the  miner,  aTailiiig  himself  of  this  circumstance,  makM 
with  his  pick  imall  holes  about  six  inches  apart  and  foorinehei 
deep,  in  one  surface,  after  the  other  is  removed  ;  and  the  coo- 
sequence  is,  that  on  his  return  in  a  few  hours,  he  fiodi  eierf 
pari  so  treated,  ready  brokeu  to  his  hand.  (M.  passim.  F.^41, 
and  seq.) 

Of  those  remarkable  derangements  in  the  strata  of  Deibj. 
shire,  termed  J'aulti  by  the  miner,  we  have  no  very  clfar  geo- 
logical account.  The  direction  of  some  of  (hvin  on  the  snrfin 
ii  detailed  in  the  1st  volume  of  Farcy's  General  View  of  Dethy 
Bhire,  &c.  to  which  wc  refer  the  reader :  occasionally  (hey  appe*) 
to  be  very  extensive,  and  their  mnsequenccs  very  eitraoidinair; 
but  a  knowledge  of  their  width,  dip,  and  contents 
geological  deaideratam.  Some  of  them  have  intenecied  the 
veins  of  lead  ore,  and  are  said  to  have  introduced  roandfJ 
quartz  pebbles  or  gravel,  alluvial  clay,  and  other  extraaeoo 
mineral  matters,  into  them. 

This  limestone  tract  is,   as  usual   in   this  fonnatio 


guislied  by  the  ahrupt 
dales,  by  numerous  cav> 
of  its  streams  in  subtei 
Mr.  Farey's  report 


nilA   features  of  i 


a  very  copi 


by  the  frequent  engutphmest 
ourses,   called  swaMow-bolei. 
list  of  these  objecB. 


Section  IV. 

OLD  RED  SANDSTONE. 

On  the  Norlh-tVeH  of  the  Penine  Choi 


^ 


To  complete  our  description  of  the  rock  formations  cnt«riag 
into  the  composition  of  the  Penine  chain,  it  now  only  remiint 
to  mention  the  old  red  sandstone.  This  rock,  so  extensile  in 
the  coal  districts  of  the  south-west  of  England,  has  yet  been 
observed  only  in  one  limited  portion  of  this  chain  ;  aunely, 
under  the  escarpment  of  Cross  Fell ;  where  it  may  be  traced 
for  15  miles  from  near  Melmerby  to  near  Murton  ;  occupjioi 
an  intermediate  position  between  the  mountain  limestone  ana 
the  adjacent  tract  of  greywacke  slate,  described  by  Mr.  Bnck- 
land  in  the  4th  volume  of  the  Geological  Transactions.  Itip- 
pears  here  in  its  common  form  of  a  coarse  puddingstoac. 
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CHAPTER  III. 

Central  Coal  District. 

Under  this  division  vre  shall  include  I.  The  coal-field  sar- 
xouading  Ashbj-de-la-Zouch,  on  the  borders  of  Leicestershire 
and  Staffordshire.  II.  That  of  Warwickshire.  III.  That  of 
south  Staffordshire  or  Dadley.  IV.  Indications  of  coal  near 
the  Lickey  Hill.  As  these  do  not  appear  to  form  constituent 
parts  of  one  whole,  in  the  same  manner  with  those  connected 
with  the  Penine  chain,  we  shall  here  so  far  depart  from  our 
foriaer  method,  as  to  treat  of  the  various  formations  accom* 
paoyiDg  each  of  these  three  coal-fields,  in  describing  that 
individual  field. 

Section  I. 

THE  ASHBY  COAL-FIELD. 

This  district  occupies  an  area  of  irregular  figure,  nearly  in 
the  centre  of  which,  the  town  of  Ashbj-de-la-Zouch  is  situated. 
The  longer  diameter  of  this  area,  from  north-west  to  south-east 
is  about  10  miles;  the  shorter,  from  south-west  to  north-east| 
about  eight  miles. 

The  eastern  extremity  of  this  area  approaches  almost  closely 
to  the  transition  district  of  Chamwood  forest.  The  coal.f6r« 
mations  occupying  it  are  much  broken,  and  may  perhaps  when 
fully  examined  be  found  to  constitute  two  small  detached  basins, 
Ather'than  to  belong  to  one  continuous  field.  Of  these  por- 
tions, one  ranges  by  Ashby  Wold,  about  three  miles  on  the 
west  of  Ashby ;  the  other  by  Cole  Orton,  about  the  same  dis- 
tance on  the  east.' 

The  former,  or  Ashby  Wold  portion,  ranges  from  Swepston 
foar  miles  south  of  Ashby,  to  Bretby  in  Derbyshire,  about  the 
same  distance  on  the  north-west ;  the  outcrop  of  the  beds  sweeps 
in  a  curved  line  between  these  t^o  places,  the  inclination  of 
the  strata  being  inwards,  that  is,  towards  Ashby :  but  between 
this  outcrop  and  that  town,  another  crop  hab  been  traced  near 
Brothorpe,  dipping  in  a  contrary  direction ;  a  circumstance 
which  has  induced  some  of  those  practically  acquainted  with 
this  district,  to  consider  it  as  forming  a  long  elliptical  basin,  of 
wl)ich  the  axis  ranges  from  north-north-west  to  south-south-east, 
t>etwe€n  the  villages  before  mentioned  of  Bretby  and  Swepston. 
More  than  20  coal  works  have  been  opened  on  this  line.     The 
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deepest  of  these  is  rank  24R  yards.  One  of  the  coal-btdi 
■ttains  ihe  extraordinary  thickness  of  from  17  to  21  feet.  Ttui 
it  prnbablj  occasioned  by  the  running  together  of  t«o  ormnre 
coal-seams,  a  circumstance  of  which  other  examples  occot  in  6ie 
coal-fields  of  Warwickshir*?  and  Dudley.* 

Tlie  eastern  portion  of  the  Ashby  coal  district  may  be  wd 
to  commence  in  the  pits  belonging  to  Sir  George  BeatuDonl, 
about  a  mile  and  a  half  norlh-east  from  the  above  tovo.  Tva 
coal  beds,  each  a  yard  and  a  half  thick,  are  here  worked  t  tto 
■trata  dip  to  cast -north-cast  1  in  12.  On  Cole  Orton  Hoor, 
several  coal  seams  which  have  been  proved  to  lie  above  (hcK, 
have  been  worked  to  the  depth  of  116  feet.  The  dip  bett 
continues  the  same ;  that  is  directly  towards  the  tnu^tiM 
group  of  the  Chamwood  forest  hills  which  rise  at  tlie  distiBCe 
of  less  (han  a  mile  from  ihis  point ;  this  circa  instance  appttn 
embarrassing,  as  it  would  naturally  have  been  expected  tbit 
all  the  strata  would  have  been  found  to  rise  and  crop  out  n 
their  so  near  approximation  to  ihis  chain:  somewhat  furthtr 
however,  and  close  to  ihis  chain,  such  is  found  to  be  the  case; 
for  at  Thringslon  the  coal-measures  have  been  proved,  mi 
found  to  rise,  although  very  confusedly,  towards  it. 

At  Stanlon  Harold  and  olher  places  on  the  north  of  Coif 
Orton,  as  far  a,>i  Ticknall,  coal  has  been  raised,  probably  from 
a  conlinuation  of  the  same  series. 

It  should  generally  be  observed,  that  the  strati  of  the  Tti 
ground  and  newer  red  sandstone  arc  so  confusedly  intenniieii 
on  the  surface  with  (be  coal  rocks  of  this  district,  as  to  render 
Ihe  elucidalion  of  the  details  of  its  structure,  au  almost  hoptlcu 
task. 

The  millstone  grit  and  shale  have  not  yet  been  ascertained  to 
exist  in   this  district;    but  a   line   of  detached    cnrbonifeioiu 

•  A  icctinn  of  one  of  Lord  Moira'i  pit)  on  Ashby  Wold  presenli— 
Variout  (iiaca  of  bind  occasionally  coutkiniag       R.    In. 
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Coal     .-.....-  94 

Bind,  &c. 177        7 
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Kennel  Coal 2       94 

Bind,  &c.     .--..-.     lie      S 

.  rRidercoal         ..--55 

Main  Coal    J  Fire  clay  ...         -         3     — 
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limestone,  of  a  Tery  remarkable  character,  flanks  it  on  the 
Borth-^iQest.  These  re^uir^  a  more  particular  description* 
There  are  eight  of  these  detached  points,  each  occupjing  but 
a  few  acres  in  extent,  surrounded,  and  as  it  were  insulated,  hj 
overlying  strata  of  the  newer  saodstone  formation. 
.  The  limestone  thus  occurring,  is  strongly  impregnated  with 
magnesia,  resembling  in  this  seTeral  of  the  strata  of  the  third 
bed  pf  carboniferous  limestone  in  Derbjrshire.  This  circum- 
stance nas  led  some  geologists  to  confound  it  with  the  newer 
angnesian  limestone,  from  which  howeyer  it  is  clearly  distin- 
guished by  its  extraneous  fossils,  which  entirely  agree  with 
those  of  the  mountain  limestone.  The  quarries  of  Ticknall 
afford  abundant  proofs  of  this. 

Some  of  these  islets  of  limestone  are  nearly  horizontal  ia 
their  stratification,  and  in  that  case  lie  low :  others  are  highly 
iDclined  and  rise  into  hills,  but  of  no  great  eleTation. 

As  a  guide  to  those  who  may  be  inclined  to  attempt  the 
further  elucidation  of  this  district,  a  list  of  these  .points  is 
subjoined,  following  the  order  in  which  they  occur  in  proceeding 
from  south  to  north. 

1.  The  most  southerly  of  these  points  is  about  five  miles 
from  Ashby  on  the  Loughborough  road,  a  quarter  south  of  that 
nad,.  at  the  point  where  it  is  crossed  by  the  projected  canal ; 
here  on  each  side  of  the  little  streamlet  of  Grace  Dieu,  are 
quarries  of  this  limestone.  The  strata  are  viewed  on  the  large 
scale,  nearly  horizontal,  but  have  several  partial  undulations. 
The  sienitic  crags  of  Cbamwood  forest,  rise  within  a  quarter 
of  a  mile  on  the  south,  and  the  coal-measures  are  not  far 
distant  on  the  west;  but  the  relations  of  the  limestone  with 
neither  formation  is  distinctly  displayed. 

2.  One  mile  north  fiom  this  spot,  close  to  the  village  of 
Osgathorpe,  are  quarries  of  the  same  rock,  which  here  also 
appears  nearly  horizontal. 

3.  Hilt  a  mile  north  of  this  village,  rises  Barrow  hill, 
entirely  composed  of  this  rock :  the  strata  here  are  highly 
inclined,  but  the  stratification  is  very  indistinct. 

4.  Three  quarters  of  a  mile  north-north- west,  and  in  a  line 
with  this  hill,  is  Cloud  hill,  altogether  of  the  same  nature: 
here  the  strata  rise  towards  the  east  seventy  degrees. 

5.  On  the  further  side  of  a  plain  occupied  by  red  ground, 
and  at  the  distance  of  one  mile  and  a  half  north-north-west  from 
Cloud  hill,  rises  Breedon  hill ;  which  although  it  cannot  boast 
any  considerable  elevation,  is  rendered  by  its  insulated  position 
and  the  church  tower  on  its  summit,  a  very  conspicuous  object* 
]>r.  Beddoes  has  described  the  strata  of  this  hill  as  rising  on 
all  sides  towards  its  centre;  but  on  a  very  careful  examination 
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the  strata  were  obtenred  to  rite  anilomilj  to  the  eaft  It  jt 
not  however  always  easj  to  distingiush  the  lines .  sepmting 
them ;  and  to  this  the  Doctor's  error,  (if  it  can  be  one)  nst  be 
attributed.  The  angle  of  their  inclination  if  from  46°  to  60*. 
This  hill  affords  the  best  station  for  commanding  a  genenl 
view  of  the  Chamwood  Forest  Chain,  which  is  seen  stielchii^ 
on  the  south  in  a  bold  range  of  brolLen  and  conical  anmmitfc 

6.  In  Stanton  Park  in  the  parish  of  Stanton-harold,  ■• 
quarries  of  the  same  rock  horixontally  stratified. 

7.  Also  in  Calke  Pkrk,  near  the  east  of  a  place  .cdM 
Diminsdale. 

8.  Close  to  the  north .  entrance  of.  the  iillage  of  TiclutH| 
are  very  extensive  quarries  of  this  rock  horiiootall/  atiatifiid* 
The  lower  strata  here  are  of  a  blue  colour,  and^hese  aboodia 
entrochi,  terebratuiites,  &c.  The  upper  are  of  a  pale  yellow  m 
green  colour  and  thicker;  this  latter  descripticHi  appte 
generally  to  the  character  of  the  stone  in  all  the  other  qoanieSi 

It  does  not  appear  on  what  substratum  these  ralcinaai 
masses  rest ;  but  it  may  be  observed  that  the  inclined  massH 
all  rise  to  the  east ;  which  is  the  direction  they  would  natnially 
assume,  if  we  suppose  the  transition  chain  of  Chamwood  htmi 
to  be  prolonged  towards  the  north,  beneath  this  covering  ef 
the  newer  sandstone ;  and  thus  to  form  the  basis  of  this  systMi 
of  hills. 


Section  11. 

THE  WARWICKSHIRE  COAL-FIELD. 

This  coal-field  extends  in  length  about  sixteen  miles  from 
Wyken  and  Sow,  (villages  about  three  miles  east  from  Coventij,) 
on  the  south-east,  to  Polesworth  and  Wareston,  (about  fire 
miles  east  from  Tamworth,)  on  the  north  west.  The  afcrage 
breadth  of  the  coal  tract  may  be  about  three  miles.  All  the 
strata  rise  to  east-north-east ;  the  inclination  becoming  more 
rapid  towards  the  eastern  edge  of  the  field,  where  it  in  many 
places  exceeds  an  angle  of  45  degrees  with  the  horizon,  and 
decreasing  towards  the  west  to  1  foot  in  three,  and  lastly  in  5. 
The  outgoing  of  the  more  inclined  strata  on  the  east,  forms  a 
well  defined,  although  low  escarpment,  which  presents  in  some 
places  the  strata  of  the  coal-measures ;  in  others,  the  subjacent 
strata  of  millstone  grit.  Beneath  this  escarpment  is  a  level 
plain,  in  which  all  the  inferior  strata  are  covered  up  and 
concealed  by  horizbntal  and  overiying  strata  of  the  newer  red 
sandstone  and  marie ;  which  also  mantle  completelj  round  the 
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MUfield,  whose  meifares  are  carrM  beMttK  tiMai  oa  Ike 
Mem  tide  bj  their  dip. 

'The  principal  ooal*works  are  at  GtHT  and  Bedworth,  near 
le  Mmth  of  the  field ;  at  Griff  fonr  beda  of  coal  are  worked, 
v  depth  of  the  fir«t  being  117  jards,  and  the  principal  aeam 
ling  three  yards  in  thiclcnesa.  The  Bedworth  works  are 
ton  the  laine  beds,  but  here  the  first  and  second  coal-seams 
'Griff  run  together,  and  constitute  one  five-yard  seam.  The 
teipoeed  strata  of  shale  which  separate  them  at  Griff,  and 
rich  are  there  found  to  be  in  the  eastern  shafts  thirty-three 
rds  and  in  the  western  twenty-fire,  gradually  thinning  away 
proceeding  westwards,  till  at  length  they  entirely  tanish. 
Between  Griff  and  Nun  Eaton,  in  the  bottom  of  the  Talley 
lied  Griff  hollow,  and  thence  ascending  the  northern  hill, 
go  masses  of  a  very  compact  greenstone  may  be  obser? ed 
Eversing  the  coal-shale :  they  do  not  appear  to  be  dykes,  but 
rtions  of  two  beds  regularly  and  conformably  interstratified 
long  those  of  shale.  (For  a  further  account,  see  the  appendix 
this  article.) 

The  millstone-grit,  which  has  been  mentioned  as  the  lowest 
imation  exhibited. in  this  coal-field,  may  be  seen  to  the 
satest  advantage  on  the  edge  of  the  escarpment  half  way 
tween  Atherstone  and  Nun  Eaton.  The  character  here 
lamed  by  this  rock,  is  that  of  a  very  compact  and  cherty 
idstone :  its  strata  rise  to  east-north-east  in  an  angle  of  45*. 
The  opposite  dips  of  this  coal-field  and  the  nearest  parts  of 
it  described  in  the  preceding  article,  shew  that  they  are 
tached;  although  the  interval  between  them  at  one  point 
ea  not  exceed  six  or  seven  miles.  The  overlying  beds  of  ther 
wer  red  sandstone  completely  conceal  the  substrata,  on  which 
th  these  coal-fields  rest  in  that  direction. 


Section  III. 

DUDLEY,  OR  SOUTH  STAFFORDSHIRE 

COAL-FIELD. 

This  coal-field  extends  in  length  about  twenty  nilet,  ftom 
•r  Stourtiridge  on  the  south-west  over  Cannock  Chase,  to 
sverton  near  Badgeley  on  the  north-east.  Its  greatest  breadth 
mt  Dudley,  may  be  about  four  miles.  Its  superficial  area  has 
ien  found  by  actual  survey  to  equal  sixty  square  miles:  of  this 
e  northera  portion  from  Cannock  Chase  to  near  Dutastttu 
id  Bilston,  affords  manjr  coal-aeams  of  eight,  six  and  four  feet 
thickness.    The  southern  portion,  extending  thence  to  neax 

3r 
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■nrlhaMimmoce  throughoal,  ot  t  awl-bed  gf  ih«  rnontM 
jtlBlrriT  et  30  feet.  Tbit  is  CADK'idered  as  lyiof  tbore  di 
^SMMiock  Chue  bedf,  and  cropping  out  round  Biliw  nl 
JJarleiton. 

r.  No  satufactory  account  hu  yet  been  published  of  tb*  Dortk 
M*  portions,  of  thii  district ;  but  the  southern  ba&  bi-tn  hi)' 
Wnstrated  bj  a  very  able  memoir  of  Mr.  Keirs,  publi  '  '  ^ 
MbWi  History  of  Stafibrd&hirc,  and  by  a  paper  of  Dr. 
■oa'i  in  the  AfinaU  of  Philosophy. 

To  the  spectator  viewing  this  distrirt,  it  ippean  to  be  t 
fiMB  aorth>we>t  to  touth-east  by  a  line  of  hilh,  not  absolstilr 
jBontinauiH  iadeed,  Iwt  yat  kaving  en  uniform  general  diiecfti 
Id  the  interval,  near  the  centre  of  whicli  stands  the  lo«a¥ 
Sldley.  On  examlnatiott^  however,  the  hilb  on  the  aeiA 
WkI  those  an  the  MUlh  of  that  town,  will  be  CanodloMf 
entirely  in  their  constitation,  althoogh  they  i^ree  in  Ih^S* 
of  benring.  The  northern  chain  (composed  of  three  ionlUtJ 
obloog  hiiU)  is  entirely  constituted  of  limestone,  di^towd  ii 
highly  inclined  strata,  rising  on  all  sides  from  the  base  leth 
ridge  of  the  hillj,  and  forming  on  the  summit  an  acute  tidi; 
or  as  the  Wernerians  would  say,  exhibiting  a  saddle-shipci 
stratification.  Against  the  sides  of  these  liilh  all  the  cmI- 
measures  (as  reposing  on  the  limestone)  crop  out  at  a  coutidef- 
able  angle;  but  become  more  tiat  in  proportion  as  they  rtctde 
from  these  hills;  which  constitute,  if  the  expression  nuy  b* 
allowed,  the  centre  of  elevation.  The  other  chain  of  hilb' 
the  south  of  Dudley,  is  entirely  composed  of  one  unM 
.basalt  and  amygdaloid;  the  relations  of  which  to  the  ra 
measures  have  not  been  clearly  ascertained,  further  than  tbit 
they  preserve  their  usual  level  in  approaching  the  chain;  lad 
evidently  do  not  crop  out  round  it,  as  round  that  of  limesfme. 
Two  alternations  remain  with  regard  to  this  chain,  it  may  he 
either  the  protruding  edge  of  a  vast  basaltic  dyke  traveHvj 
the  coal-field,  or  on  over-lying  mass ;  which  latter  is  the  opiniaa 
generally  entertained  on  the  spot.  The  particular  de^criptica 
of  this  chain  is  of  course  reserved  for  the  appended  article 
the  trap  rocks  of  the  coal  districts. 

On  the  west,  near  >Vol?erhanipton,  and  sontii,  near  SUnn 
bridge,  the  coal -is  ensures  appear  to  dip  beneath  the  beds  d 
the  newer  red  sandstone  formation;  since  therefore,  we  ill 
the  measures  of  this  and  the  Warwickshire  coal-field  dippia| 
in  opposite  directions  beneath  these  superstrata,  it  seems  pra- 
bable  that  they  may  extend  contiauously  below  this. 

On  the  eulero  V\nVt.  «t  \kK  co&l-ficld  near  Walsall,  the  mat 
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ne  with  that  of  Dadlej'  again  rises  :  and  the  coal-mea- 
ia  J  again  be  obver? ed  to  crop  oat  against  it ;  thos  1  jing 
>re  in  a  trough  lietween  these  two  towns, 
following  information  is  extracted  from  ^  A  geological 
of  the  conntry  roniid  Birmingham/  bj  Dr.  Thomson, 
d  in  the  Annals  of  Philosophy,  toI.  8.  p.  164 — 170. 
;  years  ago  Lord  Dadley  cat  an  nndergroond  canal  to 
lestone  quarries  near  Dadley,  in  the  course  of  which 
iking  all  the  coal-beds  between  the  limestone  and  the 
■d-coal  were  cat  through.  All  the  coal-pits  in  this 
f  go  as  low  as  the  ten-yard  coal,  in  Which'  their  great 
gs  always  exist.  Hence  all  the  difiei^'nt  beds  which 
jte  the  coal-formation  in  this  place  have  been  cut 
1,  and  are  known.  The  following  table  exhibits  the 
nd  thicknesses  of  these  different  beds  as  determined  by 
Kidley's  canal,  and  by  a  coal-work  at  Tividale,  in  the 
of  Rowley,  wrought  by  Mr.  Keir.  This  table  I  have 
from  Mr.  Keir's  paper  above-mentioned,  making  snch 
ons  in  it  as  will  senre  to  render  it  more  intelligible  to 
ider.  I  begin  with  the  lowest  bed,  which  lies  imme« 
qvcr  the  limestone,  and  terminate  with  that  bed  which 
ntes  the  immediate  sarface  of  the  earth  :— 
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Local  Names  of  Ditto- 


Wild  measures 

Jjimestone 

Wild  measures 

I.Coal 

Wild  measures ....... 

3.  Coal  

Black  measures 

3.  Good  Coal 

Rough  spoil 

4.  Good  Coal 

Wild  measures  •  • 
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b.  Heathing  Coal 
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Slate-clay 
Sandstone 
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Skte-clay 
Coal  . . . . 
Slate-ctay 
Sandstone 
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Sandstone  .... 
Clay  with  coal 
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Slatt«Glay  .. ....  .. 


7.  Chance  Coat 

Black batt 

Qunch  and  iron-atoae . 

Rock  or  rock  bindi.  • . 

Qnnch  bmds 

ft.  Chance  Coai 

Clunch  parting 

Stroqg  rock .1 

Rock  with  Umlns   of 
coal... 

Strong  rock 

Rock  binds 

'  Clonch  with  iron-stoiie 

Rock  binds 

Clunch  with  iron-stone 

Clunch  binds 

Penny-earth  with  iron- 
stone    

0.  Coai 

Black  clunch 

10.  Broach  Coal 

Kind  clunch 

Rock  binds 

Parting  emitting  fire, 
damp   

Rock  binds 

Rock 

Fine  clunch 

Fire-clay 

II •Coal  called   two-foot- 
coal  

Soft  clunch.. 

Clnnch  binds 

Kind  clunch  with  iron- 
stone     

Black  rocky  stuff. . 

Smutt 

Rocky  black  stuff . 

Wild  stuff.. 


Carried  over 


0 
% 

0 
1 

1 

0 
0 

1 
} 

I 

5 

4 
5 
0 
8 

0 
2 
1 
0 

• 

0 
0 
0 

4 
1 

0 

% 

4 

3 
% 

0 
0 

5 


0 
0 

I 

i 


*m 
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■met  of  the  Bedi. 


late-claj 

late-clay 

andstoiie 

late-clay 

late-clay 

iate-clay 

Hay  mixed  with  coa) 
late-clay 

andstone 

late-clay 

:iay 

Iate-clay 

Led-clay 

oil 


Local  Name*  of  Ditto. 


Brought  orer 

Binds  with  balls  of  grey 
rock 

Red  wild  stuff 

Greenish  rock 

Red  wild  stuff 

Grey  clunch 

^hite  clunch 

Smalt 

Clanch  with  iron-stone 
in  it 

Rock  with  coal  inter- 
spersed   

Red -coloured  roach. .  • 

Blue  clay 

BrowD-coluured  roach. 

Brick  clay 

Soil 

Total  thickness 


Thicknen. 


Ydi. 

B77 

3 

I 
IS 

1 
0 


Ft.  In. 

3  2 

3  0 

1  6 

1  0 

3  6 

1  3 

0  3 

0  10 


3    3     3 


1 

1 
0 
3 
1 
0 


3 
3 
1 
0 
3 
1 


0 
0 
0 
0 
6 
0 


313     1     3 


)m  this  table  we  see  that  the  beds  distinguished  by  differ- 
ames  in  this  coal-formation  amount  to  65,  and  that  its 
( thickness  is  313  yards,  1  foot,  and  3  inches,  or  about  156 
ns.  The  main  coal,  which  is  the  great  object  of  the 
rs  in  that  country,  is  about  60|  fathoms  below  the  sur- 
in  the  neighbourhood  of  Dudley.  The  beds  of  coal  are 
number,  five  above  and  five  below  the  main  coal.  The 
»ed  occurs  at  the  depth  of  55  yards,  or  37|  fathoms  below 
irface,  but  none  of  the  beds  above  the  main  coal  are  con- 
}d  as  worth  working.  The  beds  below  the  main  coal  are 
y  considerable  thickness.  None  of  them  are  wrought  in 
<?ighbourhood  of  Dudley ;  but  on  the  north  side  of  Bilston^ 
1  Cannock  Chase,  are  the  beds  which  supply  the-  country 
fuel.  The  main  coal,  or  ten -yard -coal,  consists,  in  fact^ 
different  beds,  some  of  them  lying  close  to  each  other, 
>thers  separated  from  each  other  by  very  thin  beds  of 
clay,  called  parHngi.  The  following  table  exhibits  tlie 
(  and  thickness  of  these  different  beds,  as  stated  by  Mr* 
In  the  Tlvidale  Colliery.  I  have  compared  them  with 
other  collieries,  and  found  them  nearly  the  same :— - 
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1.  Roof  iowy  urtopfoor ••  i    1    0 

fu^mgvi  four  indm. 

f.  Top  slippeiy  or  tplret 0    1   t 

3.  Jaji....; 0    t   0 

4.LiBbi.... 0    1    Q 

5.  Tow,  or  Toni^  or  KitlS|  or  Hoailh  ...  0    1    6 
0.  Benchei 0    16 

7.  BriBsils,  or  Corai O    1    6 

Foot  coil  ptitiii^  (iomdf  oaly). 

8.  Foot  coaL  or  bottom  tlippor,  or  im  omI  0    1    t 

John  coupardog  one  indb 

9.  John  coftlf  or  ilips^  or  Telnt 10    0 

10.  Stoae  cool,  or  long  cool ....  ••.••••••  110 

11.  Sawyer,  oripringa O  '1    € 

12.  Slipper 0    9    8 

Hmnphrej  partiDg. 

IS.  Humphrey's,  or  Bottombench,  or  Kid. .  0    2    S 

Totalthickuessof  coal..  ..  0     17 

About  five  yards  of  this  main  coal,  namely,  the  lambs,  Am 
brassiis,  upper  part  of  John  coal,  bottom  part  of  stone-eoili 
and  sawyer,  consist  of  coal  of  the  best  quality,  which  is  em- 
ployed in  priTate  houses.  The  quality  of  the  remainder  is 
inferior.  On  that  account  it  is  used  only  in  the  iron  fonaccs, 
which  abound  in  this  part  of  the  kingdom.  The  coal  it  of  the 
species  of  slate-coal.  It  does  not  cake ;  and  bnma  away  awm 
rapidly  than  Newcastle  coal,  leaWng  behing  it  a  white  aA» 
But  it  makes  a  more  agreeable  fire,  and  does  not  reqvEre  to  be 
stirred. 

The  coal-beds  dip  towards  the  south,  and  rise  towards  the 
north ;  so  that  at  Bilston  the  main  coal  crops  ont,  and  disappeais 
altogether.  A  very  curious  pbcenomenon  takea  place  at  JMoom* 
Celd  Colliery,  to  the  south  of  Bilston.  The  two  upper  beds  of 
the  main  coal,  called  the  roof  floor  and  top  slipper,  sepsnie 
from  the  rest,  and  are  distinguished  by  the  name  of  the  jljftRf 
reed.  This  separation  grows  wider,  and  at  Bradley  G>llieiy 
amounts  to  12  feet,  four  beds  of  shale,  slate-day,  and  iron- 
stone, being  interposed.  These  two  upper  beds  crop  o«t,  wlHk 
ike  rest  of  the  main  coal  goes  mi  to  Biliton^  aiMi  is  <miIj  cigjiil 
yards  thick. 
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give  the  reader  some  idea  of  the  dcfgree  of  regalarity 
the  different  beds  exhibit  In  this  district,  I  shall  g:?e  a 
3f  the  different  beds  bored  through  at  Bradley  colliery, 
ilstoii,  beginning,  as  before,  with  the  lowest,  and  ter« 
i§  with  the  surface  bed  : — 


mes  of  the  Bedt. 


>al 

ite-clay 

ale 

>ai 

ale 

ay-iron-stone . . . 

ite-clay 

ite-clay 

ay 

)al 

tale 

ay-iron-stone   . . 

Ite-clay 

ale 

»al 

ale 

ite-clay 

Ite-clay 

ndrtone 

ite-clay 

ndstone  ? 

ndstone 

Ite-clay 

ndstone 

Ite-clay 

;d  sand 

U 


Local  Names  of  Ditto. 

• 

Heaihing  Coal 

Clunch  

Table  batt 

Coal 

Hard  batt 

Iron-stone 

White  clay. 

Blue  clay 

Short  earth 

Main  Coal 

Black  batt 

Iron-stone 

Blue  binds 

Batt 

Flying  reed 

Batt 

Blue  clunch 

Ditto  containing  four  thin 

iron-stone  beds 

Grey  rock 

Clunch  

Peldou 

Grey  rock 

Blue  clunch 

Grey  rock 

Blue  clunch 

Sand 

SoU 

Total 


Tbickneit. 


Ydt.  Ft.  In. 


3 
0 
0 
0 
1 
0 
0 
0 
8 
0 


1 
1 
0 
3 

4 

0 
0 
0 

1 

0 

1 

8 

10 

0 


1 
% 
0 
1 


0 
1 
I 
2 


0  0 

1  2 


1 

0 

0 
1 
1 

0 
0 
0 
0 
0 
2 


0 
0 

a 

0 


0    o 

2     0 


6. 
6 
3 
6 
8 
0 
O 
0 
0 
0 

0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
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see  from  this  table  that  the  greater  number  of  the  beds 

cover  the  main  coal  atTlTidale  have  cropped  out  and 

eared  before  the  mala  coal  got  to  Bradley.    At  Tividale 

kin  coal  is  (K)f  fathoms  below  the  surface ;  at  Bradley  it 

20^ ;  making  a  difference  of  40  fathoms.    Thus  we  see 


f 


'S», 


Ibtt  the  dip  lonth'ii  i^tty  cMuMmUa,  '-mmamt^- 
to  1  foot  in  90.     Indeed,  if  w«  Mbtiibt  lb*4|lBg 

all  Ihr  beds  between  it  ind  the  imIb  Md, ^  "- 

three  fBtbotni,  we  »hould  iucreate  th«  Hf 

'i'be  curious  pbcenomcnoD  of  tbe  flffng  feed  eetaaa  !•  AmK{ 
wrj  clMirly  that  the  different  beds  of  which  the  ruud  cmL 
eontists,  were  deposited  at  different  limes,  and  at  coiuidvtiliks 
bMemii  from  each  otiier.  During  one  of  these  iotemh  Ih^ 
bedi  teparat'iDg  tbe  flying  reed  from  the  rest  of  the  umIo  <mAb 
■eem  to  have  been  depodted  towards  tlw  north  of  th«  M|if 
while  DO  deposit  whatever  took  plaoe  towards  the  sontk  at  9ti 

The  sobslancei  which  occur  io  <hii  coal  are  the  same  as  ItwH 
{Mad  in  the  coal  of  other  coaUfields ;  oanielf,  1.  Iron  pjniMt 
which  occnrt  chiefly  in  that  bed  of  the  main  coal  called  8i^ 
rils,  and  which  famishes  a  coal  of  the  best  qaality.  3.  Gtkaa^l 
1b  veiy  malt  plates  and  strings ;  it  occura  likewise  h  te| 
Newcastle  coal.  3.  Gjpsum  and  calcareous  spar:  both  «l 
these  (chieDy  the  former)  may  be  seen  occDsionallj  ia  (Ua 
plates  encrusting  pieces  of  coal/  When  the  coal  is  in  iiniQ 
frngnients  it  is  called  muck*  by  the  colliers.  These  small  (n§r 
meats  arc  left  in  the  mine,  and  constitute  nearly  one-lhird  of 
the  whole  coal  In  the  bed.  The  pillars  left  standini;  probably 
amount  to  anolher  third;  so  that  the  miners  in  this  couatij 
extract  onlj'  one-third  of  the  coals,  and  leafe  lwo>thirda  ia  ths 
mme.  This  wasteful  mode  of  working  is  to  be  ascribed  to  ^  Io* 
price  of  coals.  As  far  as  I  hate  hadao  opportnnitr  otjaiffDf, 
lod  I  have  been  in  most  of  the  coal  coootries  of  Great  Bntaii| 
the  price  of  coals  at  Birmbgham  is  less  than  any  where  d» 
except  Glasgow.  *  The  coaseqnence  is,  that  the  tnall  cnI 
will  not  bear  the  expense  of  removal.  It  is,  therefore,  leftb 
the  pits  io  prodigioDs  quantities,  where  it  is  speedily  destnyel 
by  tbe  weather.  It  is  a  pity  that  this  enortnons  wwt«u  wUch 
must  hereafter  l]e  dreEdfully  felt  in  that  countrj,  coola  M(bl 
prevented.  The  consninption  of  coab  in  this  part  of  Ei()sa4 
Is  prodigious.  All  the  ndghbonring  conoties,  to  t  caaiimAt 
distance,  are  supplied  by  means  of  the  nnnMimM  caiwls  M 
which  Birmioghani  constitutes  tbe  centre.  Beddet  tUs,  si 
immense,  quantity  of  r«al  is  required  for  the  iron  worlu,  wUdi 
are  established  in  the  neighboarhood  of  I>Bdla|'  to  the  m 
al  68. ,  These  smelted  an  immense  quantity  of  L 
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■ore  tlian  tlie  qvantitj  mannikctared  io  all  the  rest  of  Great 
Mtain.  Bat  the  low  price  .to  -which  iron  has  of  late  sunk 
'■boat  £9  or  £\0  sterling  per  ton)  has  in  a  great  measure 
iettrojed  this  formerly  lucratiTe  manufactory.  No  less  than 
IS  of  the  68  furnaces  haTe  stopped,  or  been  blown  outy  as  the 
ikrase  is  in  Staffordshire.  The  Welsh  iron  manufacturers,  it 
sans,  produce  a  greater  proportion  of  iron  from  their  ore,  and 
roriL  with  less  coals  than  they  can  do  in  Staffordshire.  They 
re  able,  in  consequence,  to  undersell  them.  This  opposition 
m  been  carried  so  far  as  to  sink  the  price  of  iron  much  lower 
ban  it  seems  possible  to  manufacture  it  at.  Before  the  late 
eftce  it  sold  at  ^18  per  ton,  which  was  almost  double  its 
refent  price. 

Tracts  of  coal  occur  in  this  coal-field  distinguished  by  a 
Iftcker  colour,  possessed  of  less  lustre,  and  burning  with  less 
ame,  than  the  common  coal.  Such  tracts  are  called  blacks, 
t  contains  less  bitumen,  and  approaches  nearer  to  coke  than 
le  rest  of  the  coal.  In  cracks  of  the  superincumbent  beds 
lere  occur  shining  pieces  of  coal,  like  Kilkenny  coal.  Accord- 
if  to  Mr.  Kier,  it  is  imbedded  hi  cubic  cells,  formed  by  thin 
buies  of  calcareous  ^r.  Intersecting  each  other  at  right 
ogles. 

This  coalfield  contains  a  less  number  of  sand-stone  beds 
Mm  the  coal-formations  in  Scotland  and  the  north  of  England. 
lie  f late-clay,  called  in  that  country  clunchy  is  harder,  has 
Mue  lastre,  and  is  composed  of  finer  particles,  than  slate-clay 
I  the  coal-formation  generally  is.  The  bait  is  a  black  slate  or 
nde,  which  may  be  split  into  Tery  thin  fragments,  and  which 
I  general  contains  much  less  bitumen  than  bituminous  shale. 
i  approaches  more  nearly  to  drawing'slafe  in  its  appearance, 
aly  Its  slaty  fragments  are  much  thinner.  The  clay-iron-stone 
BCurs  in  various  beds,  but  is  only  wrought  in  two ;  namely,  in 
&e  bed  that  occurs  under  the  broach  coal  in  the  neighbourhood 
r  Wednesbury,  and  in  that  which  occurs  under  the  main  coal. 
Ilia  last  is  the  bed  usually  wrought  for  iron  ore.  This  ore  is 
bat  mineralogists  term  clay^iron'Stone.  It  is,  in  fact,  a  car- 
onated  hydrate  of  iron,  usually  mixed  with  clay.  Probably 
le  proportion  of  clay  is  greater  here  than  in  Wales.  This 
'<Mlld  account  for  the  greater  produce  of  the  Welch  ones,  and 
le  smaller  quantity  of  fuel  which  they  consume.  This  Iron 
re,  when  taken  oat  of  the  mine,  is  built  up  in  heaps  called 
faemi,  four  feet  long,  three  feet  wide,  and  32  inches  high.  It 
»  eonsidered  as  weighing  35  cwt.,  each  cwt.  being  \W  lb. : 
000  or  1800  such  blooms  are  usaaUy  got  from  an  acre  of  good 
ilae. 

3« 
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\a  ihe  Marquis  of  Anglesea*s  park,  called  Beaudrml,  tiirt* 
i«  a  mine  of  canu«l  coal,  which  is  retcrved  for  the  extlaiite  oh 
of  the  Marquin's  funily.  This  coal  lias  a  brownish-black  eoloor, 
Itad  much  less  lustre  ihaii  common  coal.  The  fracture  is  lUt 
conchoidul,  auil  quite  smooth  ;  but  the  cross  fracture  ii  mort 
rough,  and  on  that  account  has  a  blacker  appearance.  TIm 
coal  is  bard,  and  does  not  soil  the  iinger«.  Interspersed  tliron^ 
it  arc  numerous  specks  of  a  brown  matter,  verj'  similar  is 
appearance  to  Bovey  coal. 

Many  faalls  occur  in  the  roa1-field>  The 7  arc  rents  in  ibc 
beds,  which  are  usaally  filled  with  clay.  Very  f rcquentW  (be 
height  of  the  beds  varies  on  the  two  sides  of  a  fault.  By  a  gmt 
fault  which  occura  near  Bilsloii,  the  dip  of  the  coaJ  is  rciersed; 
that  is  to  say,  the  coal-beds  on  the  south  side  of  the  (aall  dif 
louth,  aud  those  on  the  north  side  dip  north.  But  thistm 
unusDal  occurrence. 

Ironstone  is  found  in  several  of  the  measures.  But  of  tbew 
two  only  are  worked  for  the  ore.  Vegetable  impressioai  ut 
common-     The  deepest  pits  are  sunk  about  140  yards. 

Millslone-grit  doen  not  appear  to  have  been  noticed  in  thi) 
district;  but  the  coaUshalcs  repose  immediately  on  the  lime- 
Neither  does  the  subjacent  limestone  itself  belong  to  the 
nme  formation  with  that  constituting  the  otdinary  ba,'is  of  the 
other  conl-Geldj ;  but  appears  to  be  of  much  higher  date,  agm- 
ing  closely  in  its  extraneous  fossils  and  general  character  *hk 
the  transition  limestone  which  (as  we  shall  have  an  opportapily 
of  demou  St  rating  hereafter)  is  separated  from  the  mounlvl 
limestone  by  tlie  important  formation  of  the  old  red  sandsiaoc. 
The  limestone  of  Dudley  and  Walsall  will  therefore  be  described 
in  treating  of  the  transition  rocks. 

This  absence  of  milUtone^grit,  carboniferoos  limeitoae,  iti 
old  red  saudstoLie,  and  the  immediate  contiguity  of  the  coal- 
measures  and  a  transition  rock,  constitute  a  remarkable  ind 
important  character  in  this  coaUfield  :  and  in  tbi&  it  reseniblei 
some  others  in  Shropshire,  of  which  we  shall  hereafter  haTC 
occasion  to  speak. 

A  liltle  on  Ihe  west  of  Dudley  there  is  a  considerable  tract 
in  which  some  of  the  collieries  having  taken  fire  from  spon- 
taneous ignition,  many  years  back,  the  conAagration  hu  spread 
to  a  great  extent,  and  still  continues  in  great  activity  :  this 
produces  many  singular  effects :  smoke  and  steam  may  in  sotne 
places  be  observed  to  rise ;  the  vegetation  on  the  surface  i) 
accelerated,  and  the  ponds  become  thermal ;  where  the  ignited 
mas^  of  coal  has  hecu  nearer  the  ^surface,  the  argillaceous  alnU 
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^tfmring  it  have  become  conTerted  by  heat  into  a  spedes  of 
ytrcelaia  jasper,  beantifuil  j  striped  by  the  yarious*  degrees  of 
^ridation  induced  io  the  iron  it  contains. 

Section  IV. 

INDICATIONS  OF  COAL  NEAR  THE  UCKEY  HILL- 

If  r.  Bnckland  has  obs<irved  some  broken  and  confused  traces 
•f  coalrmeasures  and  of  transition  lime  near  the  north  foot  of 
Ihe  qnartz  rock  of  Lickey  hill,  a  few  miles  south  from  this  coaU 
Celd ;  and  it  has  been  reported  that  old  coal- works  exist  in 
Afthby  heath,  abont  six  miles  south-east  of  the  Lickey*  But 
f||)i  jitatemeut  rests  on  no  good  authority. 


CHAPTER  IV, 

Western  Coal  Districts. 

'  The  coal-fields  referred  to  this  division,  may  be  generally 
^^kscribed  as  disposed  around  the  transition  district  of  NorUi 
iud  South  Wales.  They  may  conveniently  be  subdivided  into 
'Ji»  the  north- western,  including  the  coal-fields  of  Anglesey  and 
jnintshire.  B.  the  western,  or  those  of  Shropshire,  and  C.  the 
pMEith- western,  or  the  three  important  coal-basins  of  South  Wales, 
^  Monmouthshire,  and  that  of  South  Gloucester  and  Somerset. 

Section  I. 
North-western  J  or  North  Welsh  CoaUJields. 

\,    ISLE  OF  ANGLESEY. 

The  first  then  of  these  coal-fields  which  requires  our  attentioii 
ip^ihat  contained  in  the  Isle  of  Anglesey. 

A  remarkable  valley  traverses  the  whole  of  this  island,  running 
flanrly  parallel  with  the  Menai  Straits,  and  at  the  distance  of 
idbdnt  six  miles  from  them :  thb  opens  on  the  south  into  the 
«ttiiary  of  Maltraeth,  and  on  the  ncMlh  into  Redwharf  Bay. 
TIAi  valley  is  flanked  m  both  sides  by  parallel  belts  of  car- 
liooiferous  limestone,  in  the  jl^preasion  between  wluch^  coiX  V«k        i 

Sc2  ? 
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bMn  worked  near  the  Maltneth  testuarj,  and  probabljr  exiadt 
aloDg  the  whole  line.  A  few  years  since,  shafts  were  mnliii 
the  f icinitj  of  Trefdraetti ;  and  new  trials  have  receoll;  Ikcb 
nude  with  success  ai  Pen  tre  beren,  about  five  miles  notih^ut 
from  the  old  pits.  The  veins  are  described  as  thick  and  ei- 
tenaive,  and  the  coal  of  excellent  qnalit;. 


2.     FLlNTSIimE. 

Carboniferous  Limestone  of  North  iVates,  and  Coal-^eU*/ 
Flintshire. 

Before  pioceedinn;  to  the  coal-field  of  Flintshire,  it  will  bt 
neccssar;  to  trace  the  line  of  carboniferous  liniestone  skirting 
Ihe  edge  of  the  North  WeUh  mountains,  which,  on  arrifios  i" 
that  county  (Flint),  form  the  base  of  its  coBl-tneasures. 

This  commences  near  the  port  of  Crickhaeth,  on  the  muA 
of  Carnarvon,  and  hence  proceeds  northwards  in  an  inier- 
rupted  line  along  the  i^hore,  until  it  arrives  at  that  towo  :  hen 
its  strata  dip  in  an  angle  of  10°  or  12°  towards  the  witcr, 
and  rest  on  a  conglomerate  of  quarts  pebbles  in  a  calcartoiLi 
cement.  From  this  place  it  proceeds  along  the  Menai,  fomlDg 
its  eastern  bank  as  far  as  Bangor  Ferry ;  bejoud  which  point  it 
is  cut  oEf,  by  the  approach  of  mountains  of  older  fomiBtioD  lo 
(he  sea.  The  line  recommences  in  the  lofty  promoDtor;  of 
Ormes  head,  a  large  detached  hill,  situated  at  the  eastern  ei- 
tremily  of  the  mouth  of  the  sestuary  of  the  Conway.  This  n'*' 
unconnected  rock  has  no  doubt  been  formerly  an  island,  Mng 
at  present  joined  to  the  main  land  only  by  a  neck  of  la* 
marshes.  Some  copper,  though  in  no  grt-at  quantity,  is  pro- 
cured from  two  mines  near  the  top  of  the  mountain.  The  or* 
Is  malachite,  found  between  tlip  limestone  in  strata  about  two 
inches  thick  :  the  limestone  resembles  in  appearance  those  »*• 
rielies  that  contain  magnesia.  The  limestone  cliffs  commence 
on  the  coast  about  four  miles  south-east  of  this  promontory,  and 
follow  the  line  of  the  coast  by  Abergeley  (where  are  some  old 
lead  mines)  In  the  mouth  of  the  Clwyd. "  In  the  vale  of  Ihe 
Clwyd  may  be  traced  Ihe  old  red  sandstone,  on  which  this  for- 
mation appears  to  rest :  it  is  perhaps  co-e(tensi«e  with  ihli 
rock,  but  has  never  been  particularly  noticed.  Beyond  the 
Clwjd,  the  limestone  is  prolonged  through  Flintshire,  whefe 
it  forms  Ihe  base  of  the  coal-field  we  are  about  to  describe; 
its  direction  continues  to  be  westerly,  as  far  as  the  neighbonr- 
hood  of  Holywell  (whore  extensive  lead-mines  are  worked  is 
ft)  i  theucc  it  t,uma  Muth«a.ni^  \iasKS  %  little  on  the  cut  of 
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Mold,  skirts  the  little  river  Alain  with  a  bold  ridge  of  predr 
pices,  forms  the  Eglwjsegg  rocks  in  Langollen  vale,  which  it 
crosses  towards  the  south  of  that  valley.  It  is  broken  and 
interrupted  for  a  time  by  the  slate  mountain  of  Selattyn,  (be- 
tween Chirk  and  Oswestry)  but  again  resumed  in  the  hill  of 
lianymyneck,  where  its  strata  are  nearly  horizontal,  and  con- 
tain, as  at  Ormeshead,  malachite ;  here  the  line  e^tpires. 

The  coal-formation  which  rests  on  this  rock  in  Flintshire, 
commences  with  beds  of  shale  and  sandstone,  answering  in 
position  and  character  to  the  shale  and  millstone-grit  of  Derby- 
shire.  The  coal  is  of  different  thickness,  from  three-quarters 
to  five  yards.  The  beds  dip  from  one  yard  in  four,  to  two  in 
three.  They  immerge  beneath  the  aestuary  of  the  Dee;  are 
discovered  again  on  its  opposite  side,  on  the  south  of  the  penin- 
sula of  Wiral  in  Cheshire,  where  they  finally  sink  beneath  su- 
perstrata of  the  newer  red  sandstone,  and  are  possibly  prolonged 
beneath  these,  until  they  re-emerge  in  the  great  Lancashire 
coal-field. 

The  coal-measvres  extend  from  north  to  south  somewhat  more 
than  30  miles,  from  Llanassa,  near  the  western  cape  of  the 
aestuary  of  the  Dee,  to  near  Oswestry  in  Shropshire ;  forming 
an  eiterior  belt,  co-extensive  with  the  range  of  the  mountain 
Ihne  from  the  north  of  the  Clwyd ;  where  the  carboniferous 
lime  is  partially  interrupted  by  the  mountain  of  Selattyn ;  the 
coal-shales  rest  immediately  on  the  transition  slate  of  which 
that  mountain  is  composed.  Common,  cannel,  and  peacock 
eatdf  are  found. 


Section  II. 

Middle  Western  Coal-Jieldi. 

id)  COAL-FIELDS  OF  THE  PLAIN  OF  SHREWSBURY. 

After  quitting  the  coal-field  just  described,  a  district  of  muck 
more  confusion  is  entered  upon  :  the  general  relations  of  which 
it  will  be  necessary  to  sketchy  before  attempting  any  account  of 
Its  coal-fields. 

Near  the  point  at  which  our  survey  of  that  coal-field  termi- 
nated, the  Severn  quits  the  transition  mountains,  to  flow  through 
what  may  be  termed,  the  plain  of  Shrewsbury,  which  is  skirted 
at  a  variable  distance  on  the  south-west,  by  the  prolonged  chain 
iif  those  mountains,  whence  frequent  branches  are  detached^ 
(oader  the  names  of  the  Long  Mountain,  Breddin  Hills^  tha 
Stiperstone,  and  Loogmont  Forest)  which  advance  fiur  into  tha 
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pinins  ;  and  close  to  the  lost  at  Church  Stretton,  a  still  inoic 
im|>artiuit  raage  of  hilU,  of  transition  trap,  slate,  and  qnarti 
rotk,  which,  under  the  names  of  Caer  Caradoc,  theWntkio, 
&C.  project  man;  miles  to  th«  uorth-easi,  crossing  theSevcra, 
and  extending  almost  to  Ncu'|iort.  Thus  the  plaiii  of  Shrevs- 
tiur;  is  bounded  ou  the  west,  south,  and  east,  by  mouoain 
chains  of  this  age  and  cIb5«.  Thi^  jilain  itself  is  generally  ovtr* 
sptvad  by  strata  of  the  newer  red  sandstone  ;  but  many  broken 
patches  of  coaUstntta,  almost  too  limited  in  extent  to  beworlhj 
of  mention,  are  scattered  over  it,  and  in  the  iutervals  betveiii 
the  tranijition  chHias  by  which  it  is  indented.  No  distinct  k- 
coBDt  of  these  has  yet  been  made  public.  Next  to  these  Har- 
row and  broken  coal-fields  of  the  plain  of  Shrewsbury,  «c  And 
on  the  eastern  side  of  the  Wrekin  chain,  one  of  much  greilei 
ioiportaiice,  that,  aunely,  of  Coatbrook  Dale. 


(t)  THE  COALBROOK.  DALE  COAI-FIELD. 

This  coal-field,  like  that  of  Dudley,  reposes  on  fnniit" 
liaiettone,  a  long  belt  of  which  skirts  the  tranntion  chaia  af 
the  Wrekin,  on  the  eastern  side  extending  into  Herefordshire: 
but  sometimes  between  the  limestone  and  the  coal,  a  bed  locally 
termed  die  earth  (from  the  fact  that  beneath  it  the  coal  bedi 
die,  or  ceue)  is  interposed.  This  however  in  fact,  is  only  a 
loose  aud  ioipure  form  of  the  calcareona  stnita,  adulterated  by 
the  mixture  of  particles  of  clay  and  sand.  The  nature  of  tba 
fossils  it  contains  clearly  refers  it  to  the  same  fonnation,  which 
will  be  described  in  treating  of  the  transition  rocks.  Trap 
rocks  are  also  interposed  in  some  places  between  the  Unae  iitd 
coal ;  an  account  of  which  will  be  found  under  the  proper  head. 

The  coal-measurci  rise  west-north>west  at. an  angle  of  aboit 
fl*.  On  the  eastern  side,  towards  which  they  dip,  they  ire 
succeeded  by  the  strata  of  the  ^at  red  sandstoae  tract,  noiT 
generally  referred  to  the  newer  sandstone  ;  it  has  not  however 
been  absolutely  ascertained  whether  they  are  prolonged  beneath 
this  sandstone,  or  cut  off  abruptly  against  it :  the  farmer  t^iniM 
however  is  entertained  by  many  of  the  most  experienced  minerti 
And  as  at  the  distance  of  12  miles  to  the  west,  the  coal^strata 
of  the  Dudley  coal-field  appear  to  emerge  from  beneath  the 
■ame  formation  with  an  opposite  inclination,  they  have  beea 
■iipposed  to  have  a  subterranftous  connexion.  However  this 
may  be,  it  does  not  seem  possible  for  aay  one  who  bas  atteit> 
tively  studied  the  tw»  sandstone  and  Co«l-foniMtions  in  their 
character  and  relations,  as  exhibited  in  the  clearest  manner  ia 
titQ  Bouth-««iein  cwuu.\«a,  la  «aXK.T\:u«  «.  dnubt  as  to  the  ^ssi 
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f  formations  which  most  properly  claims  the  sandstone  in 
[Sestion  as  one  of  its  members.  These  remarks  are  rendered 
lecessarj)  since  it  has  been  described  as  the  old  red  sand- 
tone  by  a  most  able  and  accurate  geologist,  from  whom  it  is 
Dipossible  to  differ  without  hesitation  and  deference ;  but  whose 
esearches  do  not  appear  to  have  extended  to  those  parts  of 
be  island  which  alone  afford  a  completely  satisfactory  solution 
»f  this  debated  question. 

This  coal-field  ranges  from  Wombridge  in  the  parallel  of 
Wellington,  to  Coal-port  on  the  Se?ern,  a  length  of  about  six 
oiles ;  its  greatest  breadth  is  about  two  miles.  It  is  composed 
>f  the  usual  members,  namely,  of  quartzose  sandstone^  of  tndu^ 
'Oied  clay^  of  clay  porphyry^  of  tUUe  clay,  and  of  coal,  alter- 
lating  with  each  other  without  much  regularity,  except  that 
ach  bed  of  coal  is  always  immediately  covered  by  indurated  or 
kUy  clay,  and  not  by  sandstone.  The  series  immediately 
^longing  to  the  coal-fomiation  is  most  complete  in  the  deep 
»f  JMadely  colliery,  where  a  pit  has  been  sunk  to  the  depth  of 
^%9  feet  through  all  the  beds,  eighty  •six  in  number  j  that  con- 
litute  this  formation. 

The  sandstones,  which  make  part  of  the  first  30  strata,  are 
ine-grained,  considerably  micaceous,  and  often  contain  thin 
ilates  or  minute  fragments  of  coaU  The  31st  and  33d  strata 
ire  coarse-grained  sandstone  entirely  penetrated  by  petroleum ; 
.hey  are,  both  together,  fifteen  feet  and  a  half  thick,  and  fur- 
liah  the  supply  of  petroleum  that  issues  from  the  tar^spring  at 
[}oal-port.  At  the  depth  of  430  feet  occurs  the  first  bed  of 
rery  coarse  sandstone  or  grit;  its  thickness  is  abont  15  feet* 
The  next  bed  of  sandstone  deserving  notice,  occurs  at  the 
lepth  of  576  feet,  is  about  18  feet  thick,  is  fine-grained  and 
rery  hard,  and  is  often  mixed  with  a  little  petroleum:  the 
lame  given  to  it  by  the  colliers  is  the  big  flint.  The  lowest 
andstone,  called  the  little  flint,  is  the  85th  in  number,  and  is 
ibout  1 5  feet  thick ;  the  lower  part  is  very  coarse  and  full  of 
pebbles  of  quartz ;  the  upper  is  of  a  fine  grain,  and  sometimes 
a  rendered  very  dense  and  hard  by  an  intimate  mixture  of  iron 
>re ;  it  occurs  at  the  depth  of  705  feet.  Vegetable  impressions 
ire  met  with  in  most  of  the  sandstone  beds,  but  it  is  not  known 
Jiat  they  contain  shells. 

The  clqy'p^hyry  occurs  only  once  in  the  whole  series ;  It 
Ibrms  a  bed  nine  inches  thick,  at  the  depth  of  73  feet  from  the 
mriiace.  It  consbts  of  a  highly  indurated  clay  of  a  lirer-brown 
colour,  in  which  are  imbedded  grains  of  quartz,  of  horoblend, 
and  of  felspar. 

l^he  indurated  clay  is  In  some  beds  compact,  dull, 
imooth ;  it  is  then  termed  clod:  in  others  \tV&  ^o^s^^^u^ 


4U     Book  III.    Cbtp.  IV.    (W9  and  aaodtUed  h$dt. 

B«t  it  is  to  be  regretted  thet  the  eztct  tpet  where  the  eteer- 
VAtloB  WIS  made,  is  not  distinctly  re<u>rded  ;  for  when  ImIs 
have  so  iminediate  bearing  on  disputed  points  of  theory,  they 
cannot  be  too  rigorously  and  scrapulongly  ascertained. 

We  have  to  lament  also  the  absence  of  any  precise  aceoaat 
of  the  substrata  on  which  the  coal-formation  of  the  Titlefttone 
rests.  A  limestone,  however,  may  be  observed  at  Cahishsm  oa 
the  south-west,  and  Weton  on  the  north-west  foot  of  the  hill, 
which  agrees  with  the  carboniferous  rather  than  with  the  tmh 
sition  variety ;  it  may  be  inferred  perhaps  that  this  extoids 
completely  ander  and  round  the  base  of  the  hill  (  still  lover 
the  mountain  appears  to  be  skirted  by  old  red  saadsleM^ 
which  probably  forms  the  base  of  this  limestone,  and  separalsi 
it  from  the  transition  limestone  which  appears  oa  the  west  aeer 
Ludlow  ;  these  points,  however,  must  at  present  be  spokcasf 
with  much  diffidence. 

Still  less  is  known  with  regard  to  the  structure  and  relatien 
nf  the  northern  or  brown  Clee  hill,  but  it  seems  probaUs  tint 
it  exhibits  a  general  agreement  with  the  Titteivtone.  IW 
whole  of  this  country  is  most  interesting,  and  the  pablie  asf 
perhaps  soon  be  favoured  with  a  satlsfhctory  description  if  ft 
Uook  the  accurate  pen  of  Mr.  Alkin. 


(9)     Coal'Jieid  of  BUUngslejf. 

On  the  east  of  the  Clee  hills,  and  between  them  and  tiM 
Severn,  another  coal-district  ranges  from  Deuse  hill  and  Bil* 
lingsley  on  the  north,  to  the  borders  of  Shropshire  and  Wor- 
cestershire on  the  south,  a  length  of  about  eight  miles,  coal  betog 
worked  in  several  points  along  this  line ;  but  whether  this  trad 
consists  of  one  continuous  field,  or  several  smaller  ones,  we 
have  no  precise  information.  Coal  is  also  worked  near  Over 
Ariey  on  the  Severn,  adjoining  this  tract  on  the  west ;  bat  we 
are  in  possession  of  no  particulars  relating  to  any  part  of  thn 
dbtrict. 

Amygdaloid  with  calcareous  glands  also  occurs  near  Kialet* 


(d)    COAL-FIELDS  NEAR  THE  FOOT  OF  IDE 

ABBERLEY  HILLS. 

At  Pensex  near  the  north-west  foot  of  the  Abberley  hills 
{which  consist  principally  of  transition  limestone  capped  bj 
basaltic  peaks),  is  a  small  patch  (rather  than  field>  of  ocNii- 
measure  ;  and  another  about  three  miles  to  the  west ;  but  lbs 
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iiiatioiit  of  these  have  not  jet  been  eletrl j  alcMaiiied  ;  they 
He  Bitmted  in  a  line  with  tht  Billi^ley  coal-field  above 
ietcribed,  and  only  a  few  miles  distant. 


Section  IIL 
Great  South-western  Coal  District. 

This  diTision  is  assumed  as  including  the  three  following 
principal  iioal*ie1ds,  viz.  the  grand  Sontb  Welsh  basin,  the 
fbreat  of  Dean  basin,  and  that  of  South  Gloucester  and  Som'erset^ 
tifetber  withs  oroe  smaller  basins  adjacent  to  the  two  last,  which 
ttaj  be  considered  (if  the  figure  may  be  allowed)  as  satelKtes 
Utendant  on  them. 

All' these  coaUbasins  are  closely  related  and  connected  with 
other  by  contiguity  of  position,  by  resting  on  a  common 
ef  old  red  sandstone,  and  by  the  general  analogies  of  their 
•iractnre  throughout :  their  strata  near  the  edges  of  the  basina 
meofteA  very  highly  inclined,  and  are  partially  covered  and  con«* 
eealed  on  the  south-*east  side  of  the  great  basin  of  South  Walefy 
and  thfonghoot  a  great  portion  of  that  of  South  Gloucester  and 
Sonaeraef,  by  horizontal  depositions  of  more  recent  fommtiooy 
Consisting  of  the  cakareonnagnesian  conglomerate,  sandstone) 
and  marie  of  the  newer  san Atone  formation,  and  of  lias ;  in  many 
InaCttoces  in  Somersetshm  the  shafts  are  begun  hi  lias  and  sank 
^enspletely  fhroogh  Iha  newer  sandstone  to  the  eoal-measures.- 
Sinne  of  these  extend  to  the  eikormoiis  depth  of  SOO  fathoms  V 
vitbin  the  Soraersetsbtre  coaKfield  even  the  lower  members  of 
tke  eoiite  series  appear  forming  the  summits  of  Dnndry  and 
ether  hills,  the  conUmeasures  being  exposed  and  worked  hv 
tellies  of  denudation  below;   and  at  one  point  a  shaft  hai^ 
teen  driven  even  finm  these  rocks  to  the  coal. 

In  the  very  important  and  extensive  coal  districts  comprised 
wider  thfif  present  article,  the  several  members  which  have  been- 
enumerated  in  the  beginning  of  our  observations  on  the  cOal^ 
ields  as  associated  in  them,  are  displayed  on  the  most  striking 
and  satisfactory  scale;  and  it  is  here  perhaps  that  their  re-' 
ktions  may  be  most  advantageously  studied,  especially  those  of 
the  older  red  san.lstoney  its  distinction  from  the  iiiplrer.  and  the' 
poflitlon  occupied  by  both  with  relatton  to  the  coal :  here  ^\w 
we  flee  the  utter  impossibility  of  considering  them  in  the  light 
«ndmr  which  Mr.  Jameson  has  regarded  them  as  members  of 
ene  great  formation,  with  which  beds  of  Ihnestone  and  coal  iMe^ 
nccldently  associated  ;  since  here,  and  indeed  throughout  Eilg« 
knd,  these  cocks  a£e  entirely  unconformable  in  their  posWon, 

3n2 
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m  MJkcd^  fai  A  MMiar  ^  w*i< 
_^  gdiarlMlMQH  vhWb  «tt  MaMMsftf^' wlfti 
di2tnit aad difmnt ovte «f teMK'  "''•  •)   .'^''  ''  '^  .Mi^^ft 

In  tmtliig  of  thii  district  we  ikidl  fViM  ti» 
bdbie  adoptiDd  in  oar  dateriplioii  of  Ifce  Peirf* 
giving  Ml  outline  of  tiM  pt&iB^^M^ti'felitf^gte  An 
oatioo  in  the  aevernl  bmni|  end  then  i»  Mfioe 
ttone^^  the^notntnia  Ihne,  nnd  the^ld  red 
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:  Fiiettkcii  ei  sMtt  iinpertiai  we  «mj  entar  Jea^heosellldlv 
of  SenA  Wftlei.  -i  *  -  t^  *-         t'***«  r,    Ti^|b 

The  &fMf  CoAJkU  V  ^SImA  IfUirr 
Foiiftlpeol..on  tiitf  en*  to  St.  BridB^sBeyii  eMMli«r 
lieed,  ea  the  weft^  belengt  tediio  hiiipnndent  Oeoji  i 
end  is  fitnnted  in  a  leige  IhBeitoiie  heshi.  TIm  11 
oat  at  tlie  sorfincedlroiud  the  ceel^' except  wkeve  its  oootfaniilr 
if  intermpted  bj  Swansea  and  Ceermartlm  liajs.  The  deipat 
part  of  thif  basin  is  in  tlie  neighlHMiiiiood  of  .Nenlh^  whkhli 
near  its  centre :  and  below  Neath^  or  a  little  to  tiie  west  of  Hi 
the  lowest  strata  of  coal  are  nearij  700  faliuniia  lower  tliaa  Ihs 
outcrop  of  some  of  the  superior  strata  In  the  more  hilly  partisf 
this  district.  The  bed  of.  coal  which  is  neareet  to  the  saihcej 
lies,  (near  Neath)  about  60  fathoms  beneath  it,  and  rhMS  tsfe 
alnmt  a  mile  north  and  sootliy  and  also  a  few  miles  eest  sni 
west  of  the  deepest  part  of  tlie  basin.  So  that  we  aie  «i 
luagioe  the  inferior  lieds  of  coal  rising  to  the  aurfiMoall  mnrf 
the  outcrop  of  the  superior  stratum,  and  between  it  and  the 
basset  edges  of  the  limestone  liasin.  If  a  line  be  drawn  Imsb 
Pontipool  on  the  east  to  St.  Bride's  baj  on  the  west,  it  nnjh^ 
said  that  all  the  beds  of  coal  on  tiie  north  of  tbnt  line  ciepent 
on  the  north  of  it,  at  distances  proportionate  to  their  doptt 
beneath  the  surface:  so  also  those  on  tlie. sooth  of  it,  eiosft 
near  Pontipool,  where  thej  rise  towards  the  east. 

It  appears  howerer  that,  though  the  lowest  bed  of  oaailsse 
fiir  beneath  the  greatest  elcTations  of  thia  district  as  near  M^ 
fathoms,  the  miner  finds  it  without  anj  rmy  r  rwMMeirahis 
descent :  for  the  whole  country  is  intersected  by  deep  talHsv 
in  a, north  and  south  direction,  which  consequently  cut  the 
atnta  of  the  coal.  The  miner  theielbre,  taking  advantagsef 
this  circumstance,  drites  levels  hrto  the  hills,  -and  these  Inie 
the  beds  of  coal  and  Ironstone;  there  are  however  usany  ahtfo 
in  valiies  and  low  places. 

There  ars  (^a«^otdL\n%\AlAx«l&3u^\  \iLbeda  of  coal  from 
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hree  to  nioe  feet  thick,  making  together  70f  feet;  and  11 
then  from  18  inches  to  three  feet,  making  94|  feet ;  together 
\b  feet  of  workable  coal,  besides  nnmerons  other  beds  from 
ix  to  18  Inches  thick.  By  taking  the  arenge  length  and 
aeadth  of  the  Coal-field,  the  amount  is  aboat  100  square 
ailea,  containing  96  feet  of  coal  in  23  distinct  strata,  whick 
rill  produce  In  the  common  way  of  working,  100,000  tons 
«r  acrt^  or  64,000,000  tons  per  square  mile. 

The  coal  on  the  north-eastern  side  of  the  basin  is  of  a 
oaking  quality,  on  the  north-western  it  is  what  is  termed 
tone-coal  (the  large  of  which  is  used  for  drying  malt  and  hops, 
nd  the  small,  which  is  called  cti/m,  for  the  burning  of  lime- 
tone)  ;  on  the  south  side,  from  Pontipool  to  Caermarthen  bay, 
he  coal  is  principally  of  a  bituminous  or  biuding  quality. 

Near  the  western  termination  of  the  basin,  beyond  Caer* 
narthen  bay.  It  is  shallower,  so  that  the  beds  of  coal,  found  in 
lie  deeper  parts,  are  not  foond  there. 

The  lower  part  of  the  coal  series,  as  worked  at  Merthyr 
rydvil  and  the  neighbouihood,  is  distinguished  by  the  predo- 
nioance  of  shale,  the  upper  by  the  predominance  of  a  coarso 
prit  of  loose  texture  abounding  with  specks  of  coaly  matter^ 
Md  agreeing  with  the  rock  termed  Pennant  in  Somersetshire ; 
lieae  beds  are  often  schistose,  sometimes  sufficiently  so  to 
le  employed  as  tiles;  a  great  thickness  of  them  separatea 
he  lower  from  what  may  be  called  the  upper  coal  series,  and 
t  to  of  this  rock  that  the  summits  of  all  the  principal  moun- 
inins  in  the  interior  part  of  the  basin  consist ;  the  lower  series 
vhich  (from  the  more  perishable  nature  of  its  materials) 
Sarins  a  belt  of  rather  lower  ground  interposed  between  these 
Donntains  and  the  edge  of  the  l^asin,  contains  numerous  strata 
if  coal  and  16  of  ironstone ;  the  ironstone  occurs  in  continuoos 
Mds  and  in  layers  of  detached  nodules ;  it  is  principally  foand 
n  the  lower  series,  and  some  of  its  most  Taluable  beds  occur 
lieneath  the  lowest  coal.  The  strata  alternating  with  the  coal 
ud  ironstone  in  this  lower  series,  consist  almost  exclnsiTely  of 
irgillaceous  slate:  between  it  and  the  exterior  limestone, 
nUlstone  grit  is  often,  but  not  universally  interposed.  The 
ipper  coal  series,  which  forms  an  interior  ellipsis,  is  said  to 
NNitain  sereral  beds ;  but  the  accounts  hitherto  published  do 
•ot  Bufficientty  distinguish  them  from  those  beneath  the  Pen- 
init* 

The  inclination  of  the  strata  is  much  more  rapid  on  the  south 
idge  of  the  basin  than  on  the  north,  being  often  at  the  angle 
%r  or  upwards  on  the  former,  while  that  on  the  north  is 
imerally  under  10^.  On  the  western  termination  of  the  basin 
is  Bride's  Bay^   the  stntn  exhibit  tha  mmH  «i\x%i«4^%2c^ 
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narkaof  conftision  and  denuigeaiait,  befnig  Tertical  and  twilled 
into  every  poarible  form  of  contortion. 
.  This  CoaUfiefd  is  traversed  by  ^ket  or  fBndl$j  genenllj  m 
a  north  and  south  direction,  which  throw  all  the  strata  (iroii 
50  to  100  fathons  dp  or  down^  l>«y  afe  asually  tiled  vitk 
clay,  but  Mr.  Totrnsend  mentlona  an  enonnona  Danlt,  naay 
fathpois  thick,  ^led  with  fragments  of  the  dtsropted  stnl^ 
which  traverses  the  collieries  of  I  Anaainlet  near  Swanaea^dfecW 
lag  a  rise  of  340  feet  in  the  strata. 


(9)     COAL  BASIN  OJF  THE  FORE?!  OF  DEAN. 

This  forms  an  irregular  elliptical  basin  occupying  the  whole 
of  the  forest  tract.  The  ioterior  portion  which  contains  the  cssi 
measures  ranges  round  Colford  as  a  centre;  .the  kia^ 
diameter  from  north-north-east  to  soath^^outh-west^  being  aboit 
ten  miles,  the  shorter  about  six.  It  is  said  to  possess  seveatfea 
coal-beds,  which  together  coutain  37  feet  in  thickness  of  ckif 
coal.  All  the  strata  dip  uniformly  towards  the  centre  el  the 
basin ;  the  exterior  ridges  of  monntain  lime  and  old  red  sand* 
stone  inclosing  the  coal-measures,  are  prolonged  across  the 
Wye  towards  the  west  and  form  a  mountain  tract  between  that 
river  and  the  Usk  in  Monmouthshire^  the  whole  of  this  cod 
tract  constitutes  very  high  ground. 

On  the  north  of  the  forest  of  Dean  barin,  and  at  the  distaace 
of  a  few  miles,  is  another  small  coal-field  at  Newent ;  it  is  sur- 
rounded and  concealed  by  overlying  strata  of  the  newer  r^d 
sandstone,  aud  its  relations  have  not  as  yet  been  distinctly 
ascertained. 

(3)    COAL  BASlxV  OF  SOMERSETSHIRE  AND 
SOUTH  GLOUCESIEESIIIRE. 

(tf)   CoaUmeasures* 

Those  occupy  an  irregular  area  of  which  the  longest  diameter^ 
from  near  Iron  Acton  on  the  north  to  Coalford  at  the  fool  of 
the  Mendip  hills  on  the  south,  is  near  25  miles ;  the  shorter, 
from  the  Newtou  Collieries  near  Bath  on  the  east  to  those  of 
Bedniinster  near  Bristol  on  the  west,  about  11  miles;  the 
course  of  the  river  Avon  nearly  coincides  with  this  dta- 
meter,  bisecting  ilie  coal-field  into  two  nearly  equal  portions ; 
on  the  north-cast  and  west  the  strata  dip  distinctly  towards  the 
ccntrr  of  the  basin,  but  at  Coleford  near  Mells  on  the  south, 
where  lUe^  4\)viV ^^ivYik::>\. Wm^  ^\^tidv^  hills  (the  calcareous  strau 
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«f  which  are  there  nearijr  vertical)  the  fttratifleatioii  of  the 
Incambent  coal-measures  is  much  deranged,  becoming  vertical 
«ad  frequently  thrown  backward,  and  l>ent  into  the  form  of  the 
letter  Z;  Much  nhdolation  of  the  coal  strata  also  prevails  in 
Vanj  points  in  the  interior  of  the  basin,  so  that  in  describing 
the  general  arrangeraeot  of  its  beds  as  constitating  a  single 
Jnsin^  the  eipression  mnst  be  construed  largely  and  applied  to 
its  con6guratioii  when  viewed  on  the  great  scale,  making 
allowance  for  much  of  local  irregularitj.  On  the  east,  west 
and  south,  the  coal-measures  are  generally  covered  up  and 
concealed  by  the  more  recent  horizontal  strata  already  d^ 
tscril>ed,  leaving  a  few  tracts  only  denuded  and  exposed  to  the 
anrface  :  of  these  the  most  extensive  reaches  from  Iraa  Actoa 
•cms  the  Avon  to  firislington  on  the  south  of  that  river; 
another  very  small  occurs  near  Newton  on  the  east  of  the  -field^ 
•  third  of  more  importance  in  the  vale  of  Pensford  on  the 
■oath  of  Dnndry  hill,  a  fourth  near  Glutton,  and  a  fifth  at 
Coleford  at  the  south  extremity  of  the  field;  but  nameBons 
■hafts  are  sunk  thmugh  the  overlying  strata,  some  even  fron 
the  inferior  oolite  through  lias  to  the  coal-measures,  especially 
thfooghont  the  intenral  which  separates  the  denudalioas  of 
Anslbrd  and  Coleford.* 

•    « 
*  The  following  is  a  section  of  the  coal-pit  which  is  most  iiiterestin|r  in 

this  respect,  as  passing  through  the  greatest  number  ot  formations;  it  ia 

situated  on  the  brow  of  the  hill  about  three-quarters  of  a  mile  south-east 

€£  the  TiUaire  of  Paulton,  and  belonrs  to  Mr.  Hill. 

Fs.  Y.  Ft.  bL 

Inferior  oolite *•    S  ..  —  — 

Lias  marie  and  lias,  as  detailed  in  the 

sections  of  that  formation S6    1     1    S   . 

Red  nurle  and  sand 99  —  —  — 

Calcareo-ma^esian  conglomerate 

called  millstone • I  .«  .«  — 

All  these  strau  are  horizontal ;  the  following,  which  belong  to  the  coal- 

meaeures,  are  highly  inclined. 

Shale,  variable  in  thickness.  Fs.  T.  Ft.  In« 

Great  vein ••...  — -*-    s    4 

Shaleaadgrit 6  —  —  -«- 

Littlevvin 1    8 

Shale  and  frit   4 —  —  — 

Three  Coal-feiDfl —    1  — >  — 

Shaleaadgrit 7  ^  .,  — . 

Middle  vem 18 

Shale,  Src 19 

Sliving  vein 9    4 

Shale,  &€ 7 

Little Tein  under  .  .....••• •. 

SltYing ^...... I    6 

Sbalea&c.  6 

Bull  vein ^ 10 

8hale,&c 9  —  —  — 

Prawveiii... • .«•  ..  .^  \0 


The  iinfilar  uudalatioaB  of  the  strala  In  this  dhtrict,  ud 

rough  extensive  tracts  by  ot?rlyin(  dr- 
t  fomildabli;  ohstacles  to  the  allempt  to  tncr  ikr 
Mitot'oC  bftda  which  constitute  this  coal-field;  it  prob^lf 
exhiUt*  between  fifty  and  sixty  coal-seams,  most  of  them  nrj 
tblu,  hardl]'  any  exceed  one  yai'd,  or  could  be  prafiubtf 
Worited,  were  H  trat  for  the  highly  improved  state  of  machinny. 
As  in  the  south  Welsh-field,  shale  pr><doiiiiiiates  in  the  lews, 
and  the  Penant  grit  Roclt,  in  the  middle  part  of  the  seriet;  tie 
■bale  beds  frequently  contain  beautiful  impressioni  of  fenu  ui 
anucle  shelU. 

Tkan  ira  Mreral  extensive  faults,  some  of  vhich  elento  Ik 
•tnU  awn  than  one  hundred  feel. 

.  ^W  Mrter  edge  of  this  basin  consists,  on  every  side  bat  ■ 
jRmU  porfioo  of  the  east  (where  the  horizontal  and  more  nc«t 
depotitiont  conceal  its  substrata)  of  more  or  l^ss  elevated  ridgs 
(hereafter  to  be  described)  of  carboniferous  limestaneandalii 
red  sandstone,  millstone-grit  being  occasionally  interposrd. 
Round  Nailsea,  on  the  west  of  this  coal-field,  a  depr^sioa 
in  the  limestone  ridges  forming  its  border  on  that  side,  i^ 
elude*  *  nmller  attendant  coal  baiia  abont  faar  inllei  Uag  mi 
aae  and  a  half  broad ;  here  ten  leami  of  coal  have  beea  dfc- 
covered. 

(6)    MiOaoMGm. 

A  cot^lomeTate  and  coarse  grit  of  this  fbnBatiati  in^  bs 
traced  In  the  Sonth  Welah  coal-field,  near  Heithjr,  and  tka 
bead  of  the  Neath  valley,  on  the  north  of  tbe  Sonfk  Wehh 
coal-field;  and  near  Bridgend  and  Caerphilly  on  the  nath 
interposed  between  the  coal-tneanres  and  gafajaecsl  Baa. 
In  the  forest  of  Dean  it  has  not  yet  bent  deacribed.  In  the 
Gloucester  and  Somerset  basin,  heda  of  oon^onierate  is  a  hard 
compact  cherty  landatone,  often  hlgUy  frrmgliiiaii^  o^^fj  ■> 
(imilar  poutlon ;  tbeae  may  be  seen  on  the  weat  of  the  cmI- 
field  at  Bnndon  hill  ckMe  to  Bristol,  and  lyingt^m  the  Uat- 
•tone  on  both  dde*  the  gorge  at  CIttbm,  at  tlM  eaitora  oi- 
tremity  of  the  field  resting  npon  the  fimestoae  la  tte  defile  of 
Vlck  Rocks ;  at  the  northern  near  Cmonhnll,  ad  at  Oc 
aoothnn  near  Coleford. 

Strata  of  this  rock,  clowly  agrcefaig  in  all  their  chvae- 
ten  and  contents  with  those  of  Derbyshire,  drele  imud  all 
these  coaX-&e\&t  *,  \^  M«nLi«  <a[0!3sK«vs  casDot  fall  abert  af 
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AOO  or  600  feet,  and  it  seems  tolerably  uniform  in  this  respect. 

The  course  of  this  rock  round  the  South  Welsh  basin  has 
been  sufficieutly  defined  in  treating  of  the  limits  of  the  basm 
itself;  it  forms  a  zone  varying  from  two  miles  to  a  furlong  in 
breadth,  according  as  the  position  of  the  beds  approaches  to 
«n  horizontal  or  vertical  position ;  to  the  west  of  Milford->haven 
however  these  limestone  beds  seem  generally  cut  off,  the  lime- 
itoue  rests  throughout  on  old  red  sandstone ;  on  its  southern 
line  it  throws  off  several  branches  which  diverge  more  or  less 
from  the  main  chain,  or  sometimes  accompany  it  in  nearly 
parallel  lines ;  thus  the  peninsula  of  Pembroke  exhibits  between 
Ihe  coal-field  and  the  sea  no  less  than  three  parallel  zones  of 
limestone  separated  by  two  ridges  of  old  red  sandstone,  the 
limestone  lying  in  troughs  between  them.  Caldy  Island,  near 
Tenby,  exhibits  magnificent  sections  of  the  middle  limestone 
sone,  and  the  sandstone  on  which  it  rests,  the  strata  being 
almost  vertical ;  the  peninsula  of  Gower  (between  Carmarthen 
and  Swansea  bay)  has  a  central  ridge  of  old  sandstone  with 
pftrallel  zones  of  limestone  resting  on  either  side,  and  the  south- 
east of  Glamorganshire  exhibits  a  similar  arrangement,  with 
the  exception  that  here  the  sandstone,  which  is  traversed  by 
the  vale  of  Ely,  is  often  concealed  by  more  recent  horizontal 
deposits  of  calcareo-magnesian  conglomerates,  new  red  sand- 
stone and  lias,  which  formations  also  rest  on  the  back  of  the 
most  southerly  zone  of  carboniferous  lime  along  the  coast  from 
the  mouth  of  the  River  Ogmore  io  the  Taafe. 

The  carboniferous  limestone  of  the  forest  of  Dean  forms  a 
sone  encircling,  and  dipping  beneath,  the  coal-basin  of  that 
forest  as  before  described;  thence  it  crosses  the  Wye  near 
Tintem  Abbey,  and  is  prolonged  on  the  west  as  far  as  Penhow 
castle,  about  seven  miles  distant.  Its  beds  rest  on  the  old  red 
sandstone.  It  presents  the  usual  fossils  and  minerals ;  and  in 
some  of  its  beds  ferruginous  ores,  accompanied  by  brown  spar 
and  pearl  spar,  are  worked. 

The  carboniferous  limestone  surrounding  what  we  have  termed 
the  Somersetshire  and  South  Gloucester  coal-field,  presents 
more  complicated  details.  On  the  south  it  appears  in  the  long 
ridge  of  the  Mendip  hills,  extending  from  Mells  to  the  Bristol 
channel,  with  a  line  of  bearing  from  east-south-east  to  west- 
north-west.  This  chain  consists  of  a  central  axis  of  old  red 
sandstone,  flanked  on  its  opposite  declivities  by  parallel  bands 
of  mountain  limestone,  dipping  from  it  in  opposite  directions  in 
angles  varying  from  30"  to  70*.  This  central  axis  ib*  not  how- 
ever visible  throughout  its  whole  course,  being  occasionally  en- 
tirely over-arched,  and  concealed  by  the  calcareous  strata ;  but 
it  appears  in  four  ridges,  forming  the  most  elevated  points  of 

3  I 


432     Book  III.    Chap.  IV.    Coal,  and  assocmiei  btit. 

the  chain,  and  disposed  nearly  at  equal  distances  throogh  i 
length.  The  cavern  of  Wokey  hole,*  and  the  defile  of  Qied^ 
cliffs,  with  its  long  line  of  stupendous  maral  precipices,  catia 
among  the  most  magnificent  objects  of  this  kind  in  Britui, 
the  well-known  features  of  this  chain. 

The  western  calcareous  boundary  of  this  coal-field  ii 
formed  by  a  single  continuous  ridge,  but  by  a  series  of  mo 
sive  elevations  emerging  from  the  plain  of  the  more  recent  h 
zontal  strata.  Of  these,  the  first  in  proceeding  from  the  u 
(where  the  Mendip  chain  ends)  to  the  north,  b  Broadi 
down,  a  calcareous  mass  about  three  miles  long  ;  its  stnta 
every  way  from  the  centre ;  it  presents  the  precipitous  defib 
Cleve  and  Brockley  Combes ;  which,  though  greatly  inferii 
magnificence  to  Cheddar,  yet  derive  from  their  luxuriant  vi 
a  contrasted  character  of  beauty  which  is  there  absent.  Br 
field  down  approaches  within  two  miles  of  the  Mendips ; 
succeeded  on  the  north,  after  an  interval  of  half  a  mile  oo 
the  narrowest  part,  by  Leigh  down ;  but  as  the  calcareous  cl 
rapidly  recede  from  each  other,  the  interval  quickly  incre 
and  in  the  depression  between  these  chains  lies  the  little  1 
of  the  Nailsea  coal-field. 

Leigh  Down  extends  in  a  north-east  direction  to  the 
Avon  below  Bristol,  and  is  prolonged  on  the  oppo>ite  sic 
that  river  (which  here  flows  through  that  narrow  and  precip 
gorge,  well  known  by  the  name  of  St.  Vincent's  rocks 
Durdham  down  to  Westbury.  The  gorge  of  the  river,  lini 
it  is  by  an  almost  uninterrupted  succession  of  mural  predf 
affords  an  unrivalled  opportunity  of  studying  the  varioos 
of  this  formation,  which  are  here  elevated  in  an  an^le  of  4 
the  north.  ]\Iore  than  200  of  these  beds  are  enumerated  ii 
5th  volume  of  the  Geological  Transactions  by  Mr.  Cumber! 

This  calcareous  series  rests  on  conformable  beds  of  old 
sandstone,  which  may  be  seen  on  both  sides  the  river 
Cook's  folly,  extending  on  the  south  under  Leigh  dowD 
^Ve^ton  down,  a  calcareous  hill  skirting  the  channel  b 
Portishead  point,  and  apparently  thrown  forward  bevoDd 
general  line  of  Leigh  down  by  an  enormous  fault.  On  the  i 
of  the  river  this  old  red  sandstone  extends  towards  Westb 
but  is  much  covered  up  and  concealed  by  thi^-  more  receot  I 
zontal  deposits  of  the  newer  sandstone  and  nia4riip.sian  cod 
merates,  resting  on  the  truncated  edges  of  its  inclined  strati 
is  also  the  case  at  Portishead  point  above-mentioned.    F 

•  This  cavern,  however,  u  not  situated  iu  the  carboniferouf  l:na 
but  in  the  CJilcareo-ni^igiie^ian  conglomeratef,  here  aburtio?  agaiu 
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Westburj  the  carboniferous  limestone  mantles  round  this  older 
sandttone)  extending  by  Blaze  castle  (where  another  of  those 
abrupt  dells,  which  form  so  beautiful  a  characteristic  of  this 
formation,  occurs)  to  King's  Weston  park.  Thus  the  dbposition 
of  the  ground  inmiediatelj  on  the  north  of  the  Avon  resembles 
that  of  the  Mendips;  exhibiting  a  central  nucleus  of  old  red 
sandstone,  skirted  on  either  side  by  the  strata  of  carboniferous 
Hmestone,  dipping  from  it  to  the  north-west  and  to  the  seuthp 
east.  Near  Blaze  castle  the  strata  are  almost  vertical :  on  the 
aorth  of  Westbury  these  calcareous  ridges  subside,  and  are 
concealed  by  the  new  sandstone  and  lias :  the  carboniferous 
limestone  emerges  again,  however,  after  an  interval  of  about 
three  miles,  near  Almondsbury,  and  continues  to  form  without 
further  interruption  the  remainder  of  the  western,  and  by  the 
inflection  of  its  course  the  whole  of  the  northern  and  the  north 
part  of  the  eastern  boundary  of  our  coal-field ;  ranging  by 
Thombnry  to  Tortwortli  its  most  northern  point,  and  thence 
trending  southwards  to  Wickwar  and  Chipping  Sodbury.  Oa 
the  north-western  edge  of  this  calcareous  chain,  the  old  red 
sandstone  may  be  traced  underlying  its  strata;  beneath  which 
the  yet  more  ancient  beds  of  transition  limestone  may  be  seen 
in  the  same  vicinity.  Near  Tortworth  two  parallel  dykes  of 
trap  (an  amygdaloid  with  calcareous  nests)  traverse  these  latter 
locks,  and  produce  some  remarkable  changes  in  them.  On 
tfie  east  the  horizontal  strata  of  lias,  &c.  which  (indeed  through- 
mot  this  tract  occasion  much  embarrassment  to  the  observer,  bj 
partially  concealing  its  structure,)  approach  to  close  contact 
with  the  calcareous  ridge,  and  finally  entirely  overlie  it  at 
Sodbury,  overflowing,  as  it  were,  into  the  area  of  the  coal-field  ; 
and  no  extended  ridge  of  carboniferous  limestone  can  be  traced 
through  the  remainder  of  the  eastern  boundary  of  that  area^ 
till  we  arrive  at  its  south  extremity,  and  the  Mendip  hills. 
Occanonal  and  short  protrusions  of  this  rock,  however,  appear 
in  several  points  along  this  line ;  at  Wapley,  at  the  romantic 
defile  of  Wick  rocks,  and  at  Tracey  park,  and  thus  continue 
to  Indicate  its  extension  beneath  the  superstrata  which  conceal 
it  on  the  surface. 

The  usual  minerals  of  the  limestone  tract  bounding  this  coaU 
basin,  are  galena,  blende,  calamine,  sulphate  of  barytes,  &c., 
and  its  organic  remains  agree  with  those  of  the  other  carbonifer* 
ons  limestone  tracts ;  but  among  the  former,  sulphate  of  strontiaQ 
maj  be  mentioned,  which,  thongh  found  in  Gloucestershire,  is 
elsewhere  of  rare  occurrence  in  this  rock ;  and  among  the  latter^ 
^  palates  of  fishes  found  in  St.  Vincent's  rocks,  of  which  na 
other  example  has  yet  been  noticed. 

3  i2 
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id)    OLD  RED  SANDSTONE  OF  THE  SOUTH- 
WESTERN COAL-DISTRICT. 

It  is  in  the  districts  connected  ivith  the  coal*bftsinSy  wbidi 
form  the  subject  of  the  present  chapter,  that  this  formatioD  if 
exhibited  on  the  largest  scale.  Hitherto  we  have  only  seen  it 
constituting  a  few  not  very  important  beds  towards  the  base  d 
the  Penine  chain,  but  shall  now  survey  it  as  exclusively  comd- 
tttting  lofty  and  extensive  mountain  groups,  and  occupying  en* 
tire  counties. 

In  this  quarter,  then,  the  old  red  sandstone  constitutes  the 
r-ommon  base  on  which  all  the  coal-fields  above  described  rest, 
thus  connecting  them  Into  one  whole ;  and  together  with  those 
coal-districts  forms  the  external  chains  which  twrder  on  the 
south  and  east  the  transition  mountains  of  South  Wales.  We 
may  trace  it  from  the  borders  of  Shropshire  and  Stafibrddiire 
near  the  Clee  hills,  sweeping  across  Herefordshire  of  which  it 
occupies  nearly  the  whole,  with  the  exception  of  a  ridge  of 
transition  limestone  which,  rising  in  arched  strata,  emerges  from 
beneath  the  sandstone  near  Shucknell  in  the  south-east  of  that 
county,  extending  to  Lone;hopc  near  Mitchel  Dean  in  Glouces- 
tershire ;  this  ridge  creates  an  undulation  in  the  sandstone 
dividing  it  into  two  troughs,  that  on  the  east  lying  between  this 
interposed  ridge  of  transition  limestone,  and  that  of  sitniUr 
formation  which  forms  on  the  borders  of  Worcestershire  the 
Abberley  hills,  and  the  western  slope  of  the  Malvem  group, 
against  which  the  beds  of  this  sandstone  crop  out. 

This  great  tract  of  old  red  sandstone  has  its  western  boundary 
against  the  transition  chains  of  South  Shropshire  and  the  wrst^'ra 
confines  of  Herefordshire,  following  nearly  tlie  course  of  ihv 
rivers  Corve  in  the  former,  and  Arrow  in  the  latter  counry. 

From  the  south- west  of  Herefordshire,  the  old  red  sandstone 
is  prolonged  on  either  side  of  the  vale  of  the  Usk,  through 
Brecknockshire,  forming  the  lofty  mountains  called  the  Beacons 
of  Brecon  on  the  south  of  that  river;  and  tho!)n  connecU'd 
with  Tri'castle  beacon  on  the  north ;  the  beds  on  the  south  dip 
beneath  the  calcareous  border  of  the  great  coal-basin,  which 
here  follows  a  line  nearly  coinciding  with  the  confines  of 
Brecon  and  Glamorganshire;  and  those  on  the  north  rise  a|aiiist 
the  subjacent  transition  rocks  of  the  Eppynt  hills. 

This  sandstone  tract  narrows  in  iti  progress  through  Brecon, 
being  more  than  twenty  miles  across  from  north  to  south  near 
Abergavenny  on  the  east,  and  not  above  two  or  three  near 
Castle  CavTCg  Cvwvw.w  o\v  the  west.  This  difference  ari^f•s 
partly  from  lUe  \\\^\\cv  u\MY\\\^vvi\\  q^  v^v^Xi^^-^^  ^w^^artlf  frcHn 
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the  thiuning  off  of  the  formation;  in  the  Utter  direction  from 
Cnrrtg  Cennen  the  sandstone  continues  to  form  only  tf  narrow 
siNie  ranging  to  tlie  west  throngh  Caermarthenshlre  bj  Laug^ 
hame  and  Narbeth  into  Pembrolitishire,  but  it  is  not  to  be 
tnced  beyond  Haverford  West  on  this  line  (that  is  on  the 
Morth  of  the  coal  which  in  that  quarter  rests  on  graywacke,) 
although  it  still  extensively  appears  on  the  sonth :  an  instance 
of  unconformable  position  in  the  coal,  as  compared  with  the 
ootgoings  of  this  rock. 

We  have  thus  traced  the  extension  of  this  sandstone  from 
the  great  Herefordshire  district  along  the  northern  border  of 
the  Sooth  Welsh  coal  basin :  let  us  next  pursue  its  course  in 
returning  eastwards  along  the  southern  edge  of  that  basin. 

On  the  soath-west  of  Pembrokeshire  it  occupies  all  the 
lieninsula  between  the  termination  of  coal  in  the  south-  of 
Brides  Bay,  near  Littleharen  and  Milford  haven:  there  if 
however  a  range  of  trap  rocks,  associated  with  greywacke^ 
hiterposed  between  the  coal  and  this  sandstone.  We  have 
before  observed  that  the  coal  and  sandstone  were  in  this  qoarter 
unconformable ;  the  former  having  passed  beyond  the  boundary 
ef  the  latter,  so  as  to  become  immediately  incumbent  on 
tnmrition  rocks. 

The  peninsula  of  Pembroke,  as  it  may  be  called,  (between 
MiKord  Haven  and  the  sea  on  the  south,)  presents  (from  the 
undulation  of  the  strata)  a  double  ridge  of  sandstone  hills,  on 
either  side  of  which,  and  in  the  intermediate  valley,  rest  the 
Incunibent  beds  of  carboniferous  limestone. 


-mm  Old  red  sandstone.    A.  Grey  wacW  and  trap  rocks  confusedly  mixed* 
gM€u  Ijmestone.    dL  Old  red  sandstone  &  Greywack^.    #.  Coal-formation. 

The  above  section  will  convey  a  clearer  idea  than  can  be 
given  by  description  of  the  phenomena  of  this  district. 

The  deep  indentation  of  Caermarthen  Bay  cuts  entirely 
through  the  south  Welsh  coal-basin,  and  of  course  conceals 
ICb  exterior  chains  on  the  south. 

On  the  east  of  that  bay,  they  reappear  in  the  peninsula  of 
Gower,   presenting  a  central  ridge  of  old  red  sandstone  In 
arched  strata,  rising  into  considerable  hills^  flanked  on  Osl^ 
north  azid  south  by  the  incumbent  Ume^loue. 
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Swansea  bay  again  cnts  ofT  these  chains  for  m  conndmbte 
intenral ;  beyond  which  on  the  east  they  are  resnmed  ia  the 
south  of  Glamorganshire.  On  this  side,  howerer^  the  limestoM 
mlone  is  at  first  seen  (the  subjacent  sandstone  not  ruing  td  the 
surface)  until  we  arrive  at  the  head  of  the  river  Qy  near 
llensol  Park,  where  the  old  red  sandstone  again  emeriei, 
forming  the  outer  and  lower  chain  of  the   monntuns  lata 
which  the  coal-basin  here  swells.    This  sandstone  is  probably 
the  fundamental  rock  throughout  the  vale  of  Ely,  but  it  is 
concealed  by  overlying  deposits  of  the  newer  sandstone  adl 
lias ;  nor  does  it  appear  in  any  great  quantity  till  the  riier 
Taafe  is  crossed.       Beyond  this  river  it   stretches  throv^ 
Monmouthshire,   circling  round  the  east  end  of   the  foatk 
Welsh  coal*basin,  and  (with  the  exception  of  a  small  tract  near 
Uske  which  exhibits  the  subjacent  transition  limestone,)  oc» 
cupying  the  whole  interval  between  this  and  the  correspoodi^ 
coaUliasin  of  the  forest  of  Dean ;  on  the  north  of  which  it 
rejoins  the  great  Herefordshire  sandstone  district  which  we 
have  before  traced,  being  here  interposed  between  the  carbo- 
niferous limestone  of  that  field,  and  the  transition  limestoae 
chain  of  Mayhill.     The  old  red  sandstone  circles  round  the 
eastern  edge  of  the  forest  of  Dean,  approaching  within  half  t 
mile  of  the  Severn,  but  touching  it  only  in  one  point.     Orer- 
lying  beds  of  newer   red  sandstone   abut  against  it  in  this 
direction. 

We  have  lastly  to  trace  this  rock  in  the  exterior  chains  d 
the  Somerset  and  South  Gloucester  coal-basin.  It  maj  be 
traced  round  the  northern  apex  of  this  field,  emerging  in  the 
escarpment  of  the  hills  of  carboniferous  lime,  from  Sodbury  on 
the  east  to  Thombury  on  the  west;  and  it  here  also  separates 
that  limestone  from  the  calcareous  beds  of  the  transition  suite* 
It  is  here,  however,  much  obscured  by  overlying  deposits  of 
calcarco-magnesian  breccia. 

Again,  the  same  rock  is  to  be  traced  on  the  west  of  the 
limestone  ridges,  forming  the  well  known  defile  of  the  rirer 
Avon  below  Clifton,  but  similarly  obscured  ;  and  in  the  pro- 
luiigation  of  the  exterior  ridges  of  this  coal-field  on  the  west, 
this  sattdstonc  may  be  traced  along  the  coast  of  the  sestuary  of 
the  Severn,  emerging  from  the  carboniferous  limestone  from 
Portishead  point  to  (jlevcdon. 

Lastly,  the  Mendip  hills  (the  southern  boundary  of  this  coal- 
field) exhibit  an  axis  of  this  sandstone  which  emeiges  from 
beneath  their  calcareous  strata,  not  in  a  continuous  line  indeed, 
hut  so  as  to  form  all  their  most  elevated  summits:  namely, 
Blark  do>M\5  Nine  barrow  down,  Ten  hill  and  Masebcny 
Leacou. 


\L\ 
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CHAPTER  V. 

IP  ROCKS  OCCURRING  IN  ASSOCIATION  WITH 
THE  (X)AL.MKASCRES. 

is  our  inteotioo  to  present  in  this  article  a  combined  view 
he  phoeiiomena  exhibited  by  this  class  of  roclLS,  as  they 
r  in  the  English  coal-fields ;  phcenomena  it  is  well  known, 
le  highest  interest  and  importance  to  the  theoretical  geolo- 
Althoogh  the  plan  we  liave  prescribed  excludes  all 
icessarj  discnsMn  of  theoretical  riems,  yet  the  genera iixa- 
of  scattered  facts  which  we  propose  to  gire,  cannot  fail  to 
nd  and  to  render  more  solid,  the  true  basis  of  theory  :  and 
•hall  also  find  it  necessary  to  depart,  in  sotne  measure,  from 
rigour  of  onr  own  laws,  in  order  to  illustrate  the  bearings 
le  facts  we  record. 

:  is  to  be  obsenred,  as  a  general  fact,  in  the  first  place,  that 
coal-fields  afford  the  first  instance  in  descending  the  series, 
hich  any  of  the  great  formations  of  England  appear  to  be 
Lingly  connected  with  rocks  of  this  family;  few,  or  no 
es  of  them  being  visible  in  the  districts  occupied  by  the 
"M  of  more  recent  origin,  with  the  exception  of  the  beds  of 
gdaloidal  trap  nid  to  occur  in  the  new  red  sandstone  near 
ter,  and  already  described  under  that  article ;  and  of  the 
oDgation  of  a  basaltic  dyke  near  Cleaveland,  extending 
I  the  coal  across  the  oolitic  chains. 

1  though  so  generally  limited  in  occurrence  to  the  coal-' 
riots,  it  would  be  hattty  to  infer  that  these  trap  rocks  are 
Mitemporaneous  origin  with  the  other  members  of  the  coal 
!S.  The  trap  occurring  in  the  dykes  which  intersect  the 
-measures,  must  obviously  be  of  posterior  origin ;  and  the 
le  instance  of  the  Cleveland  dyke,  is  sufiicient  to  prove 
9  sometimes  at  least,  the  difierence  of  age  is  very  consider* 
'•  When  the  trap  occurs  in  overiying  masses,  of  course  no 
ain  Inference  as  to  age  can  be  drawn ;  excepting  that  it  is 
e  recent  than  the  rocks  which  it  overlies;  and  the  only 
I  in  which  a  probable  inference  of  contemporane<H»  origim 

be  drawn,  is  when. the  coal-measures  regularly  altenwln 
I  oonfonnable  strata  of  trap.  Even  here,  also,  as  we  shall 
L  have  occasion  to  perceive,  the  appearance  of  alternation  to 
iiently  only  partial  and  delusive ;  and  the  ioference,  then* 
,  defective,  if  not  erroneous. 
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Id  Scotland,  where,  on  the  mainland,  the  same  seeniag 
connexion  as  in  England  may  be  traced  between  the  trap  rocki 
and  the  coal  districts,  Dr.  Mac  CuUoch  has  shewn,  that  in  the 
Western  Islands,  the  Tery  same  varieties  of  trap  occupy  t 
position  superior  to  the  lias ;  and  if  we  pass  thence  to  the 
opposite  coast  of  Ireland,  between  which  countries  a  perfect 
geological  analogy  subsists,  we  find  the  trap  oferlying  clolL* 

Whether  in  all  these  instances,  the  trap  rbclts  be  the  pr^ 
ductlon  of  a  single  epoch,  overlying  indifferently  all  the  anterior 
formations,  or  whether  they  should  bo  considered  as  iostsicei 
of  the  repeated  and  recurrent  production  of  analagoos  rocks  is 
successive  periods,  contemporaneously  with  the  formations  acir 
which  they  occur,  is  a  question  which  it  is  foreign  to  tki 
purpose  of  the  present  work  to  discuss. 

Before  we  enter  into  a  particular  detail  of  the  local  phcesB- 
mena  presented  by  our  trap  rocks,  we  shall  premise  smh 
general  remarks:  1st.  On  their  mineralogical  character  aiA 
varieties.  2dly.  On  the  modes  of  their  arrangement  and  cos* 
uexion  with  the  rocks  among  which  they  occur.  And  Srdlj) 
On  the  changes  occasionally  produced  in  these  rocks,  near  tin 
points  of  contact. 

(a)  Mineralogical  character.  The  rocks  of  this  family  ap- 
pear to  consist  essentially  of  felspar,  combined  either  with 
hornblende  or  augite,  or  both.  Where  the  hornblende  predo- 
minates, they  are  referable  to  the  class  of  greenstones.  \Vb«ie 
the  augite  prevails,  they  fall  into  the  new  class  of  dolerite, 
formed  by  the  French  geologists  for  the  purpose  of  receiving 
these  compounds,  which  were  formerly,  from  neglecriog  to 
distinguish  the  characteristic  mineral,  confounded  with  the 
greenstones.  The  term  augite  rock,  is  similarly  employed  by 
Dr.  Mac  Culloch;  and  as  being  already  naturalized  in  oar  lan- 
guage, will  be  retained  in  these  outlines. 

The  structure  of  these  compounds  varies  from  the  graniloidal, 
in  which  the  constituents  are  distinctly  crystallized,  to  the  gra- 
nular, and  lastly  the  compact,  in  which  every  trace  of  distinct 
grains  vanishes,  and  the  whole  assumes  the  aspect  of  an  homo- 
geneous paste.  In  the  granitoidal  varieties,  it  is  easy  to  recognise 
the  distinct  characters  of  the  greenstone  and  augite  rock.  But  in 
the  more  finely  grained  varieties,  this  is  often  nearly  impossible; 
for  the  form  of  the  crystals  being  obliterated,  and  chemical  ana- 
lysis affording  no  sufficient  means  of  discriminating  between 
hornblende  and  augite,  more  especially,  as  parts  of  a  compound 

♦  Trap  rocks  also  occur  in  Ireland,  associated  with  the  limesJone, 
underlyihg  the  coal-formation  in  all  the  modes  described  as  prevailing  in 
England.  Mt.  Weaker  Vv^%  ^wecv  a  moet  able  and  incereitiog  descripHoo 
of  tliese. 
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kck^  an  obscarit J  almost  hopeless  invoWes  formations  of  this 
^S8.  Thus,  In  those  rocks  of  a  finely  grannlar  texture,  to 
hich  the  term  basalt  is  applied,  the  precise  determination  of 
le  constituent  principles  is  a  matter  of  the  greatest  difficnltj. 
nee  the  angite  rock  is  often  seen  to  pass  by  insensible  grada- 
ma  into  well  characterized  basalt,  many  continental  geologists 
sfine  it  as  having  for  constituent  principles,  felspar,  augite, 
id  ozidulons-  iron,  occasionally  blended  with  olivine,  hom- 
ende,  &c.  or  even  as  complete  augite :  yet  a  considerable 
vtion  of  the  rocks  to  which  this  term  has  been  applied  in 
Inland,  appear  to  consist  principally  of  hornblende,  as  their 
aracteristic  ingredient,  although  they  often  also  contain  im- 
dded  oystals  of  augite.  Besides  the  inherent  difficulty  of 
s  subject,  it  is  to  be  regretted  that  little  attention  has  been 
Id  by  our  English  geologists  with  the  exception  of  Dr.  Mac 
dloch,  to  the  precise  determination  of  the  mineralogical  cha- 
cters  of  these  rocks:  we  are  therefore  not  able  at  present  to 
tmki  without  great  hesitation  concerning  thrm ;  and  shall  re- 
rd  ourselves  as  fortunate,  if  these  observations  may  have  any 
met  in  directing  enquiry  to  this  point. 

The  most  usual  characters  of  the  basaltic  rocks  of  England, 
By  an  iron-grey  colour  approaching  to  black ;  a  considerable 
aacity  and  hardness,  a  sharp  and  sometimes  conchoidal  frac- 
re,  a  granular  aspect  often  reflecting  light  from  a  number  of 
illiant  spots  or  striae,  some  of  which  seem  to  be  felspar,  otliers 
niblende  or  aogitc ;  very  liable  to  superficial  decomposition, 
^Much  case,  the  colour  passes  from  the  further  oxydation  of 
le  <:ohfilalned  iron,  to  a  rusty  brown,  often  mingled  with  spots 
'  p^eei^  arising  apparently  from  the  grains  of  hornblende. 
ffcen  this  decomposition  penetrates  to  a  considerable  depth  and 
Mancc  into  the  mass  of  these  rocks  ;  in  which  rase  numerous 
»herical  masses,  interspersed  throughout  the  mouldering  mass, 
BGor ;  having  a  nucleus  of  unaltered  or  less  altered  basalt j 
irrounded  by  concentric  coats  in  successive  stages  of  disinte- 
ration.  These  rocks  are  fusible  at  a  low  degree  of  heat;  and 
ttfact  the  needle  strongly  in  consequence  of  the  low  state  of 
ajdation  of  the  imn  which  they  contain.  The  specific  gravity 
f  the  basalt  of  Staffordshire  is  3.86 ;  and  on  the  analysis  of 
OO  parts  by  Dr.  Withering,  yielded  silex  47.5,  alumine  39.5, 
«yd  of  iron  20.  From  the  less  perfect  state  of  chemical  ana- 
y«i0  at  that  time,  the  soda  probably  contained  in  it  escaped  ob« 
crvation. 

Besides  the  distinctly  crystallized  varieties  of  trap,  as  green. 
itooe  and  augite  rock,  and  the  granular,  as  basalt,  two  other 
ipacies  occur ;  one  merely  arising  from  variety  of  texture,  being 
a  porphyroidal  trap,  formed  by  crystals  of  fel«9%c  dlu^mVoAlftA. 

3k 
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thioogh  a  paste,  reMmbiiog  a  compact  basalt.    Tfab*wf  be 
■ometimeft  seeo  in  Derbyshire.,  bat  is  not  conunoD. 

The  fourth  species,  which  is  of  very  commoii  OQcaneBee,  ii 
aoiygdaloidal  trap,  or  loadstone :  this  is  fonned  by  a  fssicaiiT 
paste,  apparently  consisting  of  a  fine-grained  basalt  of  a  tossR 
and  more  earthy  texture,  the  cavities  being  filled  widi  Armj 
geodes  of  calcareoos  spar  or  green  earth,  and  more  niely  na* 
lite,  chalcedony,  &c.  All  these  varieties  of  trap  usoaUy  sn 
associated  with,  and  pass  into,  each  other. 

(6)  Mineral  eontenti.  These  are,  1.  Crystals  of  hornblcade; 
these  arc  common.  9.  Crystals  of  augite :  these  are  more  m^ 
but  are  not  uncommon  in  the  basalt  of  Teesdaie,  and  have  he* 
found  in  the  toadstone  of  Derbyshire.  3.  Olivine,  found  st 
Teesdaie.  4.  Green  earth,  common  in  the  Derby^ire  tsa^ 
stone.  5.  Calcareous  spar,  in  the  toadstone,  passim.  6*  QurtS| 
in  Derbyshire  toadstone,  and  in  Northumberland.  7.  Cbalen 
deny  and  onyx,  ibidem.  8.  Jasper,  ibidem.  0.  Pre1mile«  is 
the  basalt  of  Staffordshire.  10.  Mesotype,  Ibidem,  and  in  I)c^ 
byshire.     11.  AduUria,  in  Northumberland. 

It  must  be  remarked  however,  that  the  xeolitic  minerals  sie 
of  much  rarer  occurrence  in  the  English  trap  rocks,  thin  is 
those  of  most  other  countries. 

Where  the  traps  alternate,  as  in  Derbyshire,  with  others  cos- 
taining  metalliferous  veins,  they  usually  intercept  those  leins; 
so  that  with  the  exception  of  the  oziduious  iron,  and  a  fev 
crystals  of  iron  pyrites,  (which  are  rare)  no  minerals  of  tkis 
class  are  found  in  them. 

(c)  Organic  remains*  No  organic  renuiins,  either  minfrtl, 
or  vegetable,  have  yet  been  found  in  any  rock  of  this  cbss  in 
England.  Mr.  Weaver,  however,  mentions  that  he  has  dis- 
covered shells  of  the  Terebratula  in  the  greenstone  associated 
with  the  carboniferous  limestone  of  the  centre  of  Ireland,  and 
exactly  corresponding  in  all  its  relations,  with  the  trap  racks 
we  are  now  describing.  With  every  deference  to  the  aotho- 
rity  of  this  writer,  which  justly  deserves  to  be  placed  in  the 
highest  class,  it  must  still  be  observed,  that  a  fact  hitherto 
of  single  occurreuce,  must  necessarily  be  received  with  some 
caution ;  and  that  some  possible  source  of  error  may  be  still 
suspected,  either  as  to  the  nature  of  the  supposed  remains,  or 
the  rock^  containing  them :  the  latter  especially  (when  the 
great  changes  of  character  often  assumed  by  other  rocks  in  ap* 
preaching  the  trap,  is  considered)  appearing  open  to  ambiguity. 
Be  the  fact  however  as  it  may,  it  cannot  be  considered  as  preg- 
nant  with  any  very  important  theoretical  inferences,  since  shells 
have  been  found  preserved  in  recent,  and  decided  lavas,  at  the 
points  where  they  have  flowed  into  the  ocean*    And  those  wb« 


Cl.jp.  V.     Gireisl  I'lr-j:  oj  fi-f  Ti.jp  R.  -*-.  m 

i  (or  lbs  votcaaic  origui  «f  Umm  ncki,  alwayi  aicribs 

la  tuh-aariM  vatnaDo,  acring  while  the  ocmb  Mill 

torrd  ibr  «riece  oT  oar  prewnt  ctntmnilB,  or  at  Iraat  the 

•rift*  ill  mhkh  tbejr  are  band. 

|:'i((/)    iUoi^f  ^  mmmgemtMt  and  tomaeimm  wBk  tit»  rtetr 

•  a/iick  liejf  atatr.    Hie  tnp  racki  wUrh  are  foaad 

1  Ahe  liniti  occepied  b^  the  cael-meeiBrei  and  (ebjacot 

tBe,  occar  endcr  three  dittinct  model  of  poiitiaa,   of 

l>t«o  appear  to  iDiUcate  in  origin  diitinct  from  thit  of 

,  with   which   thef   are  geographically  associated; 

vils  (I>«  third  seems  to  connlenance  the  opposite  inference  of 

Utuir   caiiioni|Mniieoaa  fomation.     These  modes   of  position 

*«c,    I.  As  firerljing  masses  resting  ancoofomablj  on  the  snb- 

ittCPiit  siiau.     This  appeirs  to  be  the  poiition  of  the  trap  rocki 

%t   Cli-f  Hill  snd  at  Dudley.    II.  As  djkei  inegnldrly  iiiteT> 

Bectii)^  and  irareriiDg  the  strata;  of  these,  Dnmerons  eiamplei 

4taK  fowid  JB  NortbbmberUnd  and  Durham,  and  one  remarkable 

kptence  will   be    described    in   Staffordshire.     III.   As   beds 

•mfonoubly  interstratified  and  rcgalarly  alternating  with  the 

«M«v  ittate.     The  Great  Wliiiisill  of  Iforihnmberland,   and 

«b«  tmdstoae  strata  of  Derbyshire,  illusUale  this  case.     It  does 

■OC  appear  that  there  are  an;  circamstanres  in  the  stralifi cation 

■hd  ainiigmneDt  of  such  beds  of  trap,  which  decidedlj  dlffisr 

Aoass   the  appearances  presented   bj  the  neighbouring   strata. 

It   liu  indeed  been   asserted  that  the;  are  sobject  to  much 

giwatar   and  mora  mpid  alterations   in   thickness;    and   this 

certainly  appears  in  some  instances  at  least,   (o  be  the  case. 

Uat  this  cfaancter  seemi  scarce!;  sufficient  to  afford  foundation 

far  inferring  a  distinct   origin.     It   has   also   been   said   ibat 

tke  netalliferons  veins  traversing  the  other  strata,  are  themseli'es 

Mt   off   b;   these,    which   must   therefore  be   of   subsequent 

twrnution.     But  although   such    is    often    the    fact,    yet   the 

asceptkms  which  occur  require  thii  srgnment  to  be  modified, 

ttKiagh  not  perhaps  entire!;  withdrawn ;  and  it  must  also  b« 

fkBicmfaered,  ttiat  mctalliferouii   veins   are  subject  to  simlltr 

CBBtnctions,  in  traversing  man;  other  strata;  expanding  for 

hutnce   in   those   of   limeitone,    and  shrinking    In  those   of 

ihftle  which  alternate  with  thera. 

Between  the  trap  rocks,  however,  occnrring  in  these  three  so 
Afferent  positions,  no  mineralogical  or  external  features  of 
ttitinction  have  been  shewn  to  exist;  but  the  same  varieties 
ieen  to  occur  indiscriminatel;  In  each  ;  so  tbat  the  Indication* 
•f  their  belonging  to  different  formations,  afforded  by  a  diversitjr 
of  position,  are  balanced  by  opposite  probabllitlos  resbltlnit 
from  identity  of  character. 

TTe  ought  not  to  close  this  article,  witbcrat  notidng  s*me 
%y1 
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important  observations  of  Dr.  Mac  Cullocb,  whicii  aalisfadorily 
prove  that  the  inferences  derived  from  the  position  of  trap  rocks, 
cannot  always  be  safely  relied  on ;  and  that  portions  of  one 
and   the  same  mass  of  trap,  may  be  found  nnder  ail  thew 
seemingly  different  relations.     Although  the  observations  refer 
to  a  district  not  failing  within  the  limits  of  the  present  work, 
they  are  so  intimately  connected  with  the  subject  now  under 
consideration,  that  their  introduction  cannot  be  tfaonglit  ir- 
relevant.   This  able  geologist  observed  in  the  cliffs  on  tin 
east  coast  of  Trotternish,  (Isle  of  Sky,)   several  interestiof 
sections  of  the  sandstone  strata,  traversed  by  trap,  in  varioni 
manners.     Among  these  he  noticed  a  large  mass  of  trap  rising 
through,  and  on  one  side  overlying,  the  sandstone  strata.  Fran 
this  mass  an  horizontal  bed  was  detached  running  coiifonaabiy 
through  the  midst  of  the  strata ;  and  this  ultimately  becsM 
subdivided  into  three  smaller  beds,  also  conformabU  and  alter- 
nating with  the  sandstone.    Dykes  also  proceeded  in  seven! 
points  from  the  single  bed  of  trap.     So  that  in  this  inestasoe 
we  have  all  the  three  modes  of  position  described  in  the  be- 
ginning of  this  article,  assumed  by  different  portions  of  the  very 
same  mass  of  trap ;  and  these  appearances  too  were  exhibited 
on  a  large  scale.     A  delineation  of  them  is  given  in  plate  17, 
fig.  2.  Western  Islands.   A  contracted  sketch  is  here  subjotoed. 


It  should  be  remembered  that  the  question  of  the  Tolcaoic 
origin  of  these  rocks,  is  not  in  fact  affected  by  their  occasional 
occurrence  as  conformable  beds ;  since  on  the  supposition  of 
volcanic  agency  prevailing  contemporaneously  with  the  forma- 
tion of  the  strata,  the  lavas  produced  would  necessarily  occar 
thus  interstratified ;  and  no  theorist  ever  refers  these  rocks  to 
volcanic  agency  of  recent  date;  but  makes  it  a  necessary 
condition  of  his  hypothesis  that  they  flowed  before  the  cootiaenU 
assumed  their  present  form,  and  while  they  were  buried  beneath 
the  ocean.  It  is  evidently  quite  consistent  with  this  hypothesis, 
to  admit  a  successive  series  of  such  volcanic  agencies,  exerted 
contemporaneously  with  the  epochs  of  the  several  geological 
formations.  This  observation  is  not  made  for  the  purpose  of 
maintaining  a  theory ;  but  only  to  shew  that  it  is  necessary  to 
admit  with  some  caution,  the  arguments  brought  against  it  by 
those,  who  though  of  another  school,  are  equally  theorists. 

(e)     Alterations  induced   on    the  stratified    rocks  m  the 
neighbourhood  of  the  trap.    These  pheuomcna  are  familiar  to 


CTliaj).  V.   Trap  II ocks  of  Sort Imvibrrland  and  Durham,     443 

^  g^iogists,  together  with  the  theoretical  Tiewi  thej  are 
"ttoaght  to  favoar.  Thej  consist  in  the  greater  degree  of 
"^  Vltadaration  asaamed  bj  many  of  the  neighbouring  rocks  near 
"^"''ihe  walls  of  trap  dykes ;  by  which  loose  grits  pass  into  compact 
'  ^aarts  rock,  and  shale  into  flinty  slate ;  coal  being  conferted 
nder  similar  circumstances  into  roak,  as  if  by  the  volatilixation 
of  itft  bituminous  matter.  Many  geologists  dwell  on  both 
these  effects,  as  evidently  resulting  from  the  proximity  of 
matter  in  a  state  of  igneous  fusion ;  and  consider  them  ai 
decisive  of  the  volcanic  origin  of  these  rocks.  Instances  of 
these  phenomena  are  afforded  by  several  of  the  dykes  of 
Northumberland,  Durham,  and  Staffordshire.  The  effect 
attributed  to  the  toadstoue  beds  of  Derbyshire  in  cutting  off 
the  metalliferous  veins,  has  been  already  noticed ;  but  it  will 
be  seen  that  this  is  not  a  general  fact.  Should  it  appear  how- 
ever, that  any  such  veins  are  decidedly  broken  through  by  them, 
the  proof  of  their  subsequent  formation  must  in  every  such 
instance  be  admitted:  and  we  shall  be  obliged  to  ascribe  to 
the  uncut  veins,  a  still  more  recent  origin.  But  this  subject 
cannot  be  considered  as  having  yet  been  fully  investigated 

•JParticulaf  description  and  localities  of  the  Tnq)  roeh 
associated  with  the  Coal-formations^  Spc. 

I*  Beds,  overlying  masses^  and  dykes^  of  trap  in  Northum^ 
berland  and  Durham,* 

The  mass  of  trap  which  first  claims  our  attention  in  this 
quarter,  is  that  named  the  great  Whinsill ;  this  forms  a  stratified 
mass,  conformably  arranged  near  the  middle  of  the  carboniferous 
limestone  formation ;  and  may  be  traced  for  many  miles  about 
half  way  up  the  great  westeni  escarpment  of  the  mountain 
range,  connected  with  Cross  fell ;  particularly  near  the  lead 
mines  on  Dufton  fell.  The  thickness  of  this  stratum  is,  how- 
ever very  irregular;  being  only  six  fathoms  in  some  places^ 

*  Mr.Trevelyan  hat  recently  laid  before  the  Wemerian  Society  lections 
of  all  thoie  parts  of  the  Northumberland  coast  which  present  masses  of 
trap;  and  has  detected  the  same  passage  of  dykes  into  apparent  beds 
noticed  by  Dr.  Mac  Culloch.  Professor  SedgewicK  also  has  lately  examined 
the  trap  of  Northumberland,  and  considers  the  evidence  of  its  igneous 
Ibnnation  as  complete. 

Monsiecr  Bou^,  <  Geologie  de  I'Ecosse,'  while  soppotting  in  its  most  extra- 
iragant  degree  the  igneous  theory  of  trap  rocks,  has  yet  questioned  some 
of  these  inferences ;  one  of  his  arguments  is  that  the  flinty  slate  found  near 
Crap  dvkes  cannot  be  indurated  shale,  because  it  is  fusible  without  great 
dimcufty;  had  he  tried  the  same  experioient  with  ordinary  lias  shale  he 
would  Kave  foand  the  same  result. 
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■nd  Iwf^Dtj  or  «ven  thirl]'  in  olhen.  It  consists  of  bu^ 
CQ>ra«  |i;rainMi  in  tvxttrri>,  and  composed  of  while  fekpirud 
black  honiblcude ;  the  Utter  iniDcral  predominating,  and  ^lan 
tli«  nick  a  dark  greeniih  grey  colour. 

The  baiultic  rucks  eihibiti^d  in  the  valley  o[  the  Tta 
(whicb  CniTt^rsM  llio  alwTe  mountain  ie:ioup)  are  believed  to  hi 
Ihc  prolouijatiuii  of  the  s»me  stnilmu,  Isid  open  by  deuoditin- 
Tliese  rockft  extend  from  near  tlie  »ourc«  of  the  Te*»  to 
Kgglcsloite. 

Al  Caldron  moul,  liluiled  on  the  mciors  ten  mitet  atmn 
Uiddlrton,  a  busaltic  ridge  croisei  the  Hvcr,  and  occasiontt 
•ncccMioo  of  catcudeK  for  t  lie  tipace  of  696  yards,  wliicii  (orait 
fine  coDtratt  witli  llic  pool  of  itill  water  or  Kkcet,  abov»  iIm 
falls.  It  wn»  bere  immediately  under  the  basalt  that  ibc  (Ut. 
J.  llarriinui  discoverrd  some  );arnets?  crystallized  iii  dodeifr 
bedrous,  oiid  imbedded  in  a  lUiii  stratum  of  pttle  red  tkoratUH 
cr  chert  with  particles  of  calcareous  spar. 

Near  the  stepp  acctitity  which  lerminates  Cronltlcj  Feflr 
mother  range  of  banalt  interrupts  Ibe  course  of  the  Tees,  «ad 
causes  the  cataract  called  the  High  or  Mickel  force,  where  Ae 
water  is  precipitated  from  the  height  of  56  feet. 

The  rock  which  here  crosses  the  river,  is  appareolly  m 
merlgimg  matt  of  cowM-gnnned  grey  baiiitf  the  -h^wBliifc 
and  the  fetapu'  which  compoee  ]tii*t  bnitg  iatinntely  cooImbiI 
It  rests  upon  the  lead-mine  sills,  and  shootSj  on  the  bukitf 
the  T«e*,  into  rsjialar  coluttinsof  oonaiderable  ^mgait^e  ad 
cleratioD.  A  few  miles  below  this  caKode,  and  mbaot  tkr* 
•twTe  Mi^laton,  perpendicuhtr  hataitic  rocks  -  agaiu  foiBtk 
kuik  of  Ike  river.  To  these,  imi  chains  Iwve  tie»n  tatUntit 
for  sopponing  Winch  bridge. 

This  reiaarkable  ilructure,  if  U  can  be  so  called,  n-a  pliak 
<«o  ket  in  brcadlhf  with  low  hand-raila,  jn^endcd  M  W 
above  tho  T«e«,  which  is  h«re  flS  feet  wide.  Sobm  qwM* 
coBtrived  it.  for  the  parpose  of  puling  from  tite  coastf  af 
Otirliam  t«  Holwick  ia  Yorkshire. 

In  the  fragments  of  basalt  which  are  found  scattend  om 
the  nirfaca  -In  Teeidale,  -aod  ia  other  parti  «f  «ha  AlkM, 
■mail  grains  of  y«lbw  olivine,  and  of  greenish  bfauk  aagHt) 
are  fonnfl  imbedded.    (G.  T.  vol.  It.  p.  73.) 

A  bed  of  basalt  b  penetrated  at  the  dfepth  of  169  fatltoni  a 
the  Aldstone  Moor  mines :  this  is  also  referred  ky  tkt  aiiasn 
to  «he  above  ittHtmn  «f  the  gnM  IVhinsill.  Bat  Mr.  WMGh 
cansidert  thalr  Iflanti^  n  prtjbleinatlcal ;  te/i  renMita  dot  tt* 
'  iniB^n  ngard  all  Uie  br^  of  basalt  wldoh  ocew  fa  tli»  inaaB- 
tainovs  distnct,'a*  lataififiatiens  af -tfaa  jmat  WUosilL 
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Sftrweslbrd  oo  the  north,  and  at  Wratchiff  crag  near  Alnwick^ 
^•aalt  alto  ocean  confonnably  mieniratified  with  other  rocks* 
^t  JDnnitaabonM^y  the  cliff  comists  of  columnar  basalt^  8  to 
lO  feet;  landstone,  3  feet;  shale  or  slate-claj,  5  feet;  basalt 
to  below  the  water's  edge. 

At  Gmowarden)  strata  of  dark  blnish  crystalUiie  limestoms 
firon  three  to  fonr  feet  thick,  alternate  twice  with  compact 
basalt.  At  Wnitchiff  crag,  basalt  alternates  with  limestouc  and 
alate  clay. 

In  cv^fymg  mtuses^  basalt  occurs  in  the  general  formof  a 
long  rattle,  crosKiug  the  country  in  tlie  direction  of  nortU-c^ast 
nod  south- west,  oti  the  north  of  the  lead  mines.  Close  to  the  edge 
of  this  range,  the  Romans  constructed  their  wall,  which  is  now 
•tanding  four  feet  high  in  many  places ;  this  basalt  is  occasion- 
ally  columnar.  Higher  north,  other  masses  are  also  visible; 
and  still. higher,  basaltic  eminences  form  a  striking  feature  in 
the  country  between  Alnwick  and  Berwick.  These  eminences 
fanve  frequently  lieen  chosen  for  the  sites  of  castles,  as  at 
Xhinstanborough,  Bamborough,  and  Holy  Island  ;  some  of  (he 
anaall  islands  near  the  coast  are  al;Mi-  composed  of  this  rock. 
At  Bamborough  a  well  was  sunk  in  the  Castle  hall  to  the 
depth  of  150  feet,  by  which  it  was  ascertained  tluit  the  over- 
lying rock  of  basalt  is  75  feet  thick,  and  rest  upon  a  fine 
grained  red  and  white  sandstone. 

Basaltic  dykes  traverse  alike  the  subjacent  (brmatious  of  lime- 
atone  and  millstone,  grit,  and  the  coal-measures ;  in  one  instance 
it  will  be  seen  even  penetrating  rocks  of  far  later  date ;  the 
phenomena  accompanying  those  dykes  are  thus  generally  stated 
by  Mr.  Winch. 

.  JLmettone  is  often  rendered  highlif  eryftaUineand  unfit,  fw 
iimcy  when  in  the  vichiity  of  this  rock,  as  is  the  case  with  the 
two  lowermost  strata  at  Wratch iff  crag,  Imt  not  with  the  upper 
one.  .  Sktie^Uajf  or  shale  is  turned  into  a  substance  like  Jlinij^ 
IfkUe  or  porcelain  Jfuj^er^  as  is  the  case  with  the  stratum  lying 
immediately  beneath  the  upper  bed  of  basalt  at  Wratchiff  crag ; 
and  coal  is  moariably  charred  when  in  contact  with  it.  Tlic 
Skmdsione  on  which  it  sometimes  reposes,  is  changed  for  soaM 
depth  to  a  brick-red  colour. 

Examples  of  such  dykes  traversing  the  carboniferous  limestone 
may  be  seen  in  Aldstone  moor,  Allendale,  and  in  Weardale. 
One  Is  quoted  as  being  36  or  37  feet  wide.  In  the  crevices 
beside  the  dykes,  strings  of  lead  ore  are  frequently  observed, 
bat  are  never  known  to  pass  through  the  dykes. 

Iq  the  4th  volume  of  the  Geological  Transactions,  there  is  a 
fAiort  communication  by  the  Hon.  H.  G.  Bennet  on  a  iVhim 
dyke  traversiuQ  the  limestone  and  other  strata  in  Beadnet  ba^ 
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on  the  north-«nt  coast  of  Northumberland ;  by  which  U  ijp*m 
that  the  limestone  h  so  allrreH  in  quality  In  (ha«e  ptrttotil 
which  lie  In  the-  immediate  vicinity  of  lh«>  dyk»,  that  It  irtU 
not  bum  into  lime  of  any  thIup,  nor  within  4o  feet  of  it.  A 
ilralom  composed  of  fdspnr  anti  cnrhaiiatn  cif  lim«.  it  ^a  iVftii 
Dear  the  dyke,  a«  to  resemble  the  sabxtance  of  thr  dyke  llwir, 
»hich  is  unlike  that  of  the  ilykM  in  ihr  norf h-ier inter rt  |wrt«( 
the  county  ;  these  are  composed  principally  of  hnn>b(<-Dd'. 

The  number  of  vetiu,  or  di/ke.i,  Irare'tmg  Ike  xtrata  nj  (I 
Cotl-iHctuiiretf  is  very  considerable,  and  ihrrt-  is  no  nniforaiilj 
in  their  direction.     The  circumslances  alleDdiiig  them,  arf  i 
many    cases    very   extraordinary,   and    Ihc    most    considMalil* 
basaltic  dyke  in  the  immediate  neigh  bom  hood  of  NewcMtlcb     I 
that  which  pass«i  through  (^ley  hill,  about  four  miles  «nt«f    | 
the  town.   A  long  raiifte  of  qoarries  has  here  been  opened  vjaB 
it,  in  some  places  to  the  depth  of  50  feet,  and  layinft  haw  ito    | 
vatim  width  of  the  dyke,  which  is  SI  feet.     The  dyke  in  tUt    { 
place  appears  to  be  veriicaL  The  basal!  of  which  it  is  rompntMl, 
itea  in  detached  masses   «hich  are  coated  with   yellow  ochre. 
The  removal  of  these,   tilings  to  view  thin  Ihv.ts  of  i-idutited 
day  with  which  the  fimire  ii  lined,  and  which,  brrakinf;  into 
■mall  quadrangular  prismi,  are  oaed  by  the  country  pe<^lefir 
whet>stones ;  in  this  robstance,  clay-ironston«  inprcaMd  witt 
the  figures  of  ferns,  is  very  abundant.  • 

The  upper  team  of  coal  i»  here  found  at  kboat  3S  feat  Ann 
the  inrface,  and  where  in  cootact  with  the  dyke,  is  oampiHeljT 
charred,  forming  an  ash-grey  poroiu  mau,  whidi  breiki  iaV 
■mall  columnar  concretions,  exactly  resembling  tke  etik 
obtained  by  baking-coal  in  close  iron  cylinders  in  the  fnftm 
af  distilling  coal-tar.  Calcareoui  sptr  and  snlphnr  are  dilst- 
mlnaled  through  the  pores  of  this  sobstance. 

The  basalt  itself,  when  broken.  Is  of  agmeniah-black  mlaar, 
Mtd  of  a  coarse-grained  fracture.  It  contains  qnartm,  catearMW 
•par,  and  another  mineral  pouessing  the  following  cbaractm- 
The  colour  is  wax-yellow  passing  into  olive  green;  the  hritn 
vitreous,  resembling  that  of  glassy  felspar;  the  fracture  foliated* 
It  resists  the  action  of  the  blowpipe  with  borat,  but  with  it 
nelts  into  a  white  glass.  The  latter  drcnnutance,  and  the 
foliated  fracture,  diitingnish  this  substance  from  oliTiM^  which 
giTes  a  dark  green  bead  with,  borax,  and  pmenH  a  fractwe 
more  or  less  roochoidal. 

Passing  to  the  east-south-east  of  the  Coley  hill  dyke  i»  the 
line  of  its  direction,  a  tcId  is  found  traversing  Walker  colliery'^ 
and  crossing  tbe  Tyne  at  Walker.  Thitdyke  is  well  defiaed; 
it  occasions  no  alteration  in  the  level  of  the  coal  strata,  and  the 
depth  at  kUcV  it  VUbcnccte  >^to  \«  ^wknoara.     It  ha*  beeo 
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cut  through  by  horizontal  drifts  in  four  places.  On  each  side 
of  it,  the  coal  is  amveried  mio  cooky  which  on  one  side)  ia 
some  places,  was  found  to  be  18  feet  thick,  and  on  the  opposite 
side  upwards  of  nine  feet.  A  firm,  hard,  and  unbroken  vein 
of  basalt,  on  an  average  about  13  feet  thick,  was  in  immediate 
CfNitact  with  the  coak  on  each  side;  and  between  these  two 
veins,  lay  nodules  of  basalt  and  sandstone,  upwards  of  nine  feet 
in  thickness,  imbedded  in  a  cement  of  blue  slate. 

At  Walbottle  Dean,  five  and  a  half  miles  west  of  Newcastle, 
below  the  bridge  on  the  western  road,  a  double  vein  of  basalt 
(represented  by  Fig.  2,  PL  4,  of  the  4th  vol.  of  G.  Trans.) 
crosses  the  ravine  in  a  diagonal  direction,  passing  nearly  due 
east  and  west.  It  hades  or  underlies  at  an  angle  of  78  degrees^ 
and  cuts  the  coal-'Strata  without  altering  their  dip.  On  the 
eastern  bank  of  the  ravine,  it  is  laid  bare  from  the  level  of  the 
brook  to  the  height  of  about  60  feet.  The  northern'  and 
southern  basaltic  portions  of  the  vein,  the  one  five  and  the 
other  six  feet  in  thickness,  are  there  13  feet  apart,  and  are 
separated  from  one  another  by  a  confused  heap  of  fragments  of 
sandstone  and  shale,  broken  from  the  coal-strata.  With  these 
fragments  are  found  balls  of  basaltic  tufa  parting  into  concentric 
layers,  and  of  a  lightish  brown  colour;  the  balls  are  most 
abundant  on  the  sides  of  the  rubble  near  to  the  basalt.  In  a 
neighbouring  colliery,  both  portions  of  the  vein  hold  thei^ 
course  through  the  seam  of  coal,  which  is  charred  by  their 
Influence.  This  basalt  contains  nodules  of  quartz  and  chalce- 
dony, but  not  adularia,  which  is  abundant  in  the  basalt  of 
Coleyhill. 

A  string  of  galena  fills  a  crevice  beside  a  vein  of  basalt  about 
two  miles  beyond  Durham. 

A  dyke  called  the  Cockfield  dyke,  which  is  17  feet  wlde^ 
hades  or  underlies  to  the  south,  and  throws  up  the  coal-measures 
on  that  side  18  feet.  The  low  main  coal  contiguous  to  the 
basalt,  is  only  nine  inches  thick,  but  enlarges  to  six  feet  at  the 
distance  of  1 50  feet  from  it  The  coal  is  reduced  to  a  cinder j 
and  the  sulphur  is  sublimed  from  the  pyrites  near  to  the  dyke* 

A  dyke  is  seen  on  the  banks  of  the  Tees  a  little  below  Yarm. 
ft  there  passes  into  the  newer  red  sandstone,  and  continuing 
its  course  in  the  same  direction,  is  well  known  to  traverse  the 
north-eastern  part  of  Yorkshire,  near  the  still  more  recent 
formations  of  lias,  and  the  sandstone  of  the  inferior  oolite,  in 
the  eastern  Moorlands  in  its  way  to  the  German  Ocean.  This 
dyke  is  rendered  highly  interesting  by  its  great  length,  and 
the  proof  i(  affords  by  thus  penetrating  later  rocks,  that  it  must 
have  owed  its  origin  to  causes  in  action  at  a  period  long  sub- 
sequent .to  the  formation  of  the  coal;  a  proof  which  yieldn  a 
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glrmig  tutalogtcal  prejumpfioti  thit  the  other  iljku  of  Oi 
eoal-hel<),  ar«  likewiK  subsequent,  and  not  1:0111  cm ponnMH 
phcrnatneos. 

ThcK  cirf umstancfB  render  tlie  c«UT5e  of  this  ilyke  UinN{ll 
the  more  recent  fonnatious,  a  point  of  much  geolo^cUl  )■• 
portance,  mid  Mr.  Bakcwcll  has  fortutiatelj-  iiubliihrd  a  taS- 
Clratly  detailed  sccouiit  of  IhU.     IIU  slatemont  it  es  follovt. 

From  Berwick  on  Ihe  Tees  It  may  be  traced  in  on  <sultrt; 
direction,  near  the  t illa^jes  of  Stanlon,  Newby,  Nnnlhurpixi 
Ayton.  At  Langbath  ridge  a  quarry  Is  worked  in  it;  it  pww 
wuth  of  the  remarkable  tiill  railed  Koseberry  Toppin,  «ii 
Stukesly,  and  from  thence  by  Lunsdale  to  Kildale  ;  it  maj  h 
ucn  on  tha  surface  nearly  all  the  way  in  the  above  traii. 
From  Kildale  it  passes  to  Denbigh  Dale  end,  and  thtoogliiW 
vllUgc  of  Efflon  bridge,  and  hence  over  Le«(.-e  ridge  Ihreafh 
Gollilnnd,  croeslng  the  turnpike  rood  from  Whitby  tu  I'ickf  rit| 
near  the  seTcn  mile  slone,  at  a  place  called  Sillotr  Cnmwi 
high  moor.  I  csamitied  it  at  this  place,  where  it  is  quirrif^ 
for  the  roads,  and  is  about  ten  yards  wide.  From  hone*  it 
may  be  Traced  to  m«a  Hill  near  Harwood  Dale,  in  ■  lin' 
towards  the  sea,  near  which  it  is  covered  with  allaviti  wilj 
but  there  can  be  no  doubt  that  it  extends  into  the  Gennu 
oeeaii.  It  is  a  dark  greyish  brown  basalt  which  turn)  broaii 
on  exposure  to  the  atmosphere;  it  is  the  principal  materially 
mending  the  roads  in  the  district  failed  Clereland. 

It  is  only  necessary  to  add  to  this  account  (hat  the  djlf 
enters  the  lias  near  Nunthorp  and  the  sand  of  (be  iafcrio' 
oolite  near  Ruse  berry  Topping. 

II.    Trap  rock)  of  Derbyshire. 

These  chiefly  occur  in  three  strata,  conformably  alleniatiMg  in 
(lie  formation  of  carboniferous  limestone,  which,  by  their  iuM'- 
position,  they  diride  into  four  separate  beds  ;  hut  other  muiM 
of  trap,  of  motv  limited  extent,  are  occasionally  found  conluiir*] 
witfaln  Ihe  limestone  beds ;  especially  in  that  usually  rtllol 
the  third  limestone  (the  numbers  following  a  descending  leriis.) 
An  instance  of  a  dyke  is  aho  mentioned  by  Whitebuni.  It 
does  not  appear  to  hare  been  ascertained,  whether  theaeocca- 
sional  masses  of  trap  are  or  are  not  in  any  mauner  conaecled 
with  Ihe  principal  strata  of  that  class ;  though  a  knowledge  of 
this  fact  would  be  of  the  utmost  importance  in  detrnnining  the 
retalions  of  the  whole  formation,  it  should  lA^o  be  observr>i 
that  the  uf per  toad«toa«  tjxhibiu  iu  ilockluv  Jiioe  (vuny, 
aoattt  of  AdMV«r,  portloof  •f  HnMtone  ImtMdded  ia  Ht  omm, 
'  Bear  th*  tnVtMtn  of  ita  qtwn^  *,  and  mne  otlnr  pnteM< 
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instances  of  the  same  nature  are  cited  by  Mr.  Farey.*  Befora 
we  proceed  to  examine  the  course  and  position  of  these  beds  in 
detul,  it  will  be  conyenient  to  give  a  general  Tiew  of  their 
nioenloglcal  character :  this^  as  is  usual  in  such  fonnatSooSy  is 
Bvbject  to  frequent  and  great  changes.  The  prevailing  varietj 
is  an  amjgdaloidal  trap ;  consisting  of  a  compact  iron-coloured 
paste,  (probably  a  fine  grained  basalt)  containing  nodules  of 
'VBrioas  sizes,  from  small  grannlar  spots,  to  that  of  an  hazel  lint^ 
•r  larger,  of  whitish  calcareous  spar,  and  of  green  eaith. 
Agatine  nodules  are  of  more  rare  occurrence,  affording  speci* 
mens  of  onjz,  chalcedony,  jasper,  and  the  quartz  crystals, 
locally  termed  Derbyshire  Diamonds.  The  varieties  of  zeolite 
common  in  rocks  of  this  family  elsewhere,  have  also  occasion* 
ally  been  found  in  these.  The  decomposition  of  the  imbedded 
nodules,  frequently  occasions  the  amygdaloid  to  assume  a  ve^U 
calar  and  lava  like  character.  The  amygdaloid  sometimes 
passes  into  ordinary  basalt,  which  is  as  usually  characterised  by 
its  tendency  to  decompose  into  large  spherical  masses  ;  and  by 
occasionally  assuming  an  irregularly  columnar  texture  (^ 
instance  of  which  may  be  seen  in  the  deep  ravine  called  Cave 
dale  near  Castleton.  Greenstone  distinctly  crystallised  Im 
also  seen  in  the  same  ravine  and  other  places.  From  the 
retentive  nature  of  the  clay  a  line  of  ponds  is  often  found 
along  the  bassets  of  the  toadstone ;  a  circumstance  which  assists 
in  tracing  their  course.  A  variety  of  a  finely  gritty  texturei 
and  yellow  colour,  which  may  perhaps  be  called  a  trap  tufa, 
occurs  in  Harborough  rocks  near  Brassington,  where  it  appears 
to  have  been  quarried  as  a  freestone.  On  decomposition,  tht 
trap  passes  into  a  clay  of  a  bluish  grey  colour. 

The  prevailing  structure  is  massive ;  but  a  laminated  structura 
sometimes  though  very  rarely  occurs. 

Mr.  Whitehurst  maintained  that  the  metalliferous  veins  of 
the  limestone  strata  were  universally  cut  through  by  those  of 
toadstone;  and  produced  this  as  an  argument  proving  their 
subsequent  origin.  Mr.  Farey  admits  this  to  be  the  general 
fact,  but  adduces  several  exceptions ;  mentioning  no  less  than 
nineteen  instances  in  which  the  toadstone  beds  carried  oiie^ 
usually  however  only  in  thin  strings.  Since  the  period  of  hb 
pablication,  the  veins  of  the  Seven  Rakes  Mine  near  Matlock^ 
whifh  bfui  before  been  worked  in  the  3nd  or  3rd  limestone^ 
have  beqi  pursued  with  success  and  profit  in  the  intervening 

*  Frofenor  Buckland  observed  the  nodules  of  the  limettone  that  im* 
fwrtdrd  in  the  trap  of  Derhythire,  to  be  occationtUy  surrounded  by  a  tbm 
cruft  of  fibrous  calcareous  spar,  exactly  rcsembuqe  that  produced  ia 
iBitmncet  of  iadpient  fusion  under  pressure  in  Sir  James  HaU*a  cspcrU 
ments. 
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toadsfone.  Still,  if  En  anj  mothenticat^d  instuices,  the  ntrtilTk  ^ 
¥eiiu  be  decidedly  cat  off  by  the  tottdstonp,  the  argBment  ol 
Mr.  W.  must,  pro  tanto  be  held  good ;  and  the  excepted  cdci 
will  only  prove,  that  some  of  the  metallic  veins  of  U>i«  diilrict 
are  of  later  formatioa  tbun  others.  The  average  thickDc««( 
ttie  first  or  upper  toadstone,  is  ahoat  60  feet ;  of  the  two  loan 
7i  ft.  each.  Phis  however  is  enbject  to  very  great  T&rintioni; 
but  the  statements  of  Mr.  Wbitehurst  of  the  appearaacrs  b 
the  miaes  on  Tideswell  Moor,  whence  he  inferred  the  tou! 
Irregularity  or  the  occasional  absence  of  these  beds,  are  rehmd 
by  Mr.  Farey,  to  the  having  mistaken  some  of  tbe  occulaiid 
masKS  before  mentioned  for  the  regular  beds. 
'  In  attempting  to  give  a  brief  sketch  of  the  coarse*  of  thw 
toodstone  strata,  which  range  in  nearly  parallel  irr^olar  cnnM 
from  its  north-east  to  it:  south-east  angle,  sweeping  round  wtt 
onlllnes  convex  towards  the  west,  through  the  HmeittM 
district  of  Derijyshire,  It  mast  be  remembered  tfiat  tbi 
district  is  described  by  Mr.  Farcy  as  being  bounded  od  thre* 
aides  (the  south,  west  and  north,)  by  an  estensire  fault;  tke 
effect  of  which  is  in  these  directions,  to  plice  the  fourth  or  lowtst 
bed  of  limestone  on  the  same  level  with  the  shale,  whose  trac 

flace,  as  ascertained  on  the  eastern  side,  is  above  the  whole 
imestone  series.  Hence,  while  the  three  loadstone  itnU 
form  nearly  parallel  bands  along  the  eastern  side,  where  dw 
beds  crop  out  in  regular  succession,  we  must  not  look  for  any 
repetition  of  them  on  the  western  side,  where  the  b«cft 
formation  is  thus  brought  abruptly  into  contact  u  ith  the  ihale 
fontiation,  to  the  necessary  exciusiou  of  the  iaterveuing  bcdi. 

The  onir  exception  to  this  arnngement,  Is  on  tte  noiA- 
ireitem  side  of  the  district,  where  the  line  of  this  fault  n  mgs* 
u  to  include  in  two  parts  of  its  courM  nDall  portiou  of  Ot 
third  limestone,  (the  next  dbore  the  lowett)  and  conseqaently 
allows  the  repetition  of  the  third  toaditone. 

Wc  shall  begin  by  describing  (still  following  Hr.  Farey) 
the  course  of  the  third  toadstooe,  and  before  we  pame  its 
continuous  basset,  where  it  has  an  eastern  or  sonth^aiteni  dip, 
ve  may  first  notice  Its  occurrence  on  the  north-weateia  border 
of  the  district,  where  it  is  repeated  with  an  opposite,  or  aortt- 
western  dip,  nnderlylug  the  Insulated  porttnas  of  the  tUrd 
limestone  just  mentioned.  Of  these  portions,  one  extendfttein 
Cove  hole,  about  a  mils  and  a  half  to  the  eastward,  fit  Spam* 
pit  near  the  celebrated  ebbiag  and  flowing  rock.     The  ottier, 

*  It  may  be  oicfbl  to  denn  the  iflader  in  following  this  iketch,  to  5i  bis 
anenlian  puticuUrlv  on  the  nJIey  of  the  Vfjt,  and  the  dslct  openiDS  ion 
tt  on  tlie  nonli,  and  tn  BoiaaU'QiW  on  tlie  South.  In  these  all  the  3  «rxa 
are  fiuely  ^pU^ed,    a««Se<;«icna,^^aS;«^ 
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vrhich  adjoins  closely  to  the  north-westem  angle  of  the  lime- 
Mone  tract,  iaclndes  the  Tillages  of  Buxton  and  Fairfield. 
The  toadstone  underlying  the  former,  ranges  between  the 
|K>int8  above  named,  with  a  small  sweep  to  the  south.  That 
imderlying  the  latter,  ranges  south  from  Buxton,  on  the  east 
lyf  Pdol's  hole,  passes  on  the  north  of  Sherbrook  dale,  (containing 
B  branch  of  the  river  Wye,)  and  crosses  at  Mill  dale  the  main 
branch  of  the  same  river,  a  little  below  Buxton.  Dere  it  has 
been  particularly  described  by  Faojas  dc  St.  Fond,  (in  his 
English  travels*)  who  mistook  it  probably  from  its  rapid  dip 
for  a  dyke ;  hence  it  proceeds  first  south-east,  then  north-east, 
and  lastly  north-west  encircling  Fairfield  Town;  its  whole 
coarse  having  been  about  two  miles. 

Near  this  there  is  another  insulated  portion  of  the  third 
toadstone  at  Stadeu  Hill,  on  the  south  side  of  Sherbrook  dale  ; 
B  similar  one  occurs  at  Peak  Forest  Town,  about  two  miles  east 
of  that  near  Dove  hole. 

We  have  now  to  pursue  the  general  basset  of  this  bed,  as  It 
crops  out  westwards  beneath  the  continuous  zone  of  the  third 
limestone  on  the  east ;  and  in  this  we  shall  proceed  from  north 
to  south. 

In  the  north-east  then  the  third  toadstone  commences  on 
the  border  of  the  limestone  tract,  near  Castleton,  where  it  is 
first  seen  in  Cowler  hills,  and  then  crosses  the  ravine  called 
OiTedale,  (which  must  not  be  confounded  with  that  in  which 
the  great  cavern  Is  situated,  and  which  is  separated  from  this 
by  the  Cragg  Hill  on  which  the  castle  stands ;)  here  it  assumes 
in  one  spot  a  columnar  form,  and  affords  basalt  passing  into 
greenstone  and  containing  red  jasper.  Hence  it  ranges  in  a 
•Intious  line  south-west  towards  the  river  Wye,  passing  by 
Portaway  mine.  Knowl,  Copt,  Dalehead,  |  of  a  mile  north- 
west of  Wheston  near  Smaildale,  to  Great  Rocks  west  of  Worm- 
hilly  and  thence  by  the  eastern  skirt  of  Flagdale,  on  the  sonth- 
lirest  of  that  village  crossing  the  river  Wye.*  A  little  east  of 
the  opening  of  that  dale  into  the  principal  valley,  where  it  may 
be  seen  both  on  the  east  of  its  upper  part  (where  called  Wye- 
dale)  and  on  the  west  of  its  middle  portion  (called  Millers  dale.) 
Proceeding  down  the  Wye,f  it  is  also  seen  in  the  two  next 
dales  branching  northwards  from  Millers  dale :  viz.  in  Monks 
dale,  as  well  as  its  prolongation.  Grass  dale,  and  its  eastern 
branch  Thatch  dale,  and  in  Tideswell  dale  and  its  western 

« 

*  The  course  of  the  toadstone  strata  in  the  valley  of  the  Wye  and 
lateral  dales  will  be  clearly  understood  by  referring  to  tnt  section. 

<f-  The  position  of  the  toadstone  crossing  Wye  Dale  will  be  dearly 
undentood  from  the  section  of  that  dale  in  the  Urge  plate  of  Sectiona* 
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branrli  Meadow  dale;  taping  elevated  In  tlic  Utter  inibncrbf  ' 
■  faoll.  Crossing  ihe  ^^ye  above  Millera  dale,  a  little  OTtrf 
the  remarkable  limestoue  crag^  of  Chee  Tor,  il  may  be  trKtd 
in  the  Qpper  end  of  Sandy  dale,  which  there  brancbei  mlk 
from  that  river;  thence  proceeding  to  the  south-wnt  imI 
MDth,  near  the  north-west  of  Blackwi-ll,  and  east  of  CM- 
lUerton,  wettofCroRkstone,  Hurdlow  and  Benty  Grange,  lluiKt 
niniiing  in  a  nearly  straight  line  south-east  by  Pike  Hall,  tc 
Grange  Mill  i[i  the  upper  part  of  Bonsall  dale  Dear  Cromfuid; 
then  It  skiity  along  the  northern  side  of  that  dale,  rmglH 
Dear  the  top  of  the  hill  near  Slale j ;  until,  by  the  dtp  «i 
the  strata  to  tlie  level  of  the  valley,  where  it  meets  a  bructi 
of  the  great  fault  (already  described  as  nearly  sutrounding  tU 
limcEtone  tract),  it  is  for  an  interral  cut  off;  but  it  shorri; 
resumed  (beyond  an  angle  of  depressed  strata  included  b;  tUi 
fiiult}  ia  the  hills  south  of  Bonsai  dale,  along  which  it  n 
to  the  south-west,  and  skirts  the  eastern  side  of  the  a 
branch  of  that  dale  (called  the  Gellia  dale.)  Here  are  mtoitrd 
Harborough  rocks  already  mentioned  as  affording  a  prcdiu 
variety  of  the  trap ;  and  near  these,  it  finally  meets  the  sontben 
edge  of  the  limestone  tract. 

The  second  toadstnne  is  the  next  in  order,  in  ascending  dit 
lerk's.  The  north-eastern  eitremity  of  this  stratum  does  iwt 
commence  exactly  on  the  eastern  border  of  the  limestone; 
which,  being  there  cut  by  a  branch  of  llie  gri'at  fault  before 
Djeutioned,  ha^  the  first  or  highti^t  Itinii&toae  brtMuht  down  on 
the  east  tide  of  that  fault ;  whilst  tbe  tnbitrata  crop[HBg  ort  m 
Its  western  side,  are  thus  made  to  abut  against  the  dqauwd 
tdge  of  the  nperior  limestone,  u  ii  the  csm  with  the  bed  W 
toedstoiie  we  n*  now  tracing ;  nnder  thete  fiif  niw<iniii  K 
int  preients  itielf  about  one-third  of  a  mile  ■OBth^anth-wtit 
of  Windmill  house,  a  iiAall  hamlet  on  the  itorth-cut  of  TUe^ 
well ;  proceeding  westward,  passing  (outb  of  Tidalow^op-Ult, 
and  thence  south-west  and  untb^  till  taking  the  liae^f  Bnek- 
bottom  dale.  It  surrounds  and  underlies  Tidvawell  town  ;  iftcr* 
wards  ikirtiug  the  eastern  side  of  Tideswell  dale  in  It*  coane 
to  the  rirer  Wye,  which  It  crossei  neartbesiouth  of  Cniw>i«»fc 
dale,  (see  tection).  Before  however  we  Iraca  its  pngteti  <■ 
the  Gooth  of  that  river,  we  mnst  pause  to  mentloa  lomc  iariltiM 
hills  in  which  it  occnn  beyond  the  general  line  of  its  baoet, 
farming  pirti  of  the  ridges  dividing  the  dales  that  open  tovaids 
the  Wye  from  the  north  :  one  of  these  is  on  the  aoath-wivtb^Mt 
of  Wheiton  near  Tideswell,  between  Tideswell  dale  and  HoB^'f 
dale ;  the  other  forms  the  base  of  a  ridge  extending  near  twa 
aailea  close  to  Wormhill,  ioclading  tfaat  villa^,  Bote  Bod  hilt, 
and  Tuviatead,  WMi  ^c«Ab%  A«w  «»^  «t  the  npcijicnt  w 
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Mcoiid  limestoDe.    This  ridge  ii  situated  between  Monk's  dale 
and  Flat  dale.  It  shoold  also  be  noticed,  that  in  Tideswell  dale, 
•oat!i  of  the  town  at  the  entnuice  of  a  small  dale  called  Brees 
dale^  several  alternatioos  of  such  occasional  masses  of  loadstone 
{as  were  formerly  mentioned  as  proved  in  the  neighbouring 
uinet  on  Tideswell  moor)  are  to  be  seen  in  the  cliifs  composed 
off  the  third  limestone.    In  pursuing  the  regular  basset  of  the 
iecond  toadstone  on  the  south  of  the  Wye,  we  find  it  skirting 
oa  the  south  that  portion  of  the  valley  of  that  river  distingaishea 
MM  Rivers  dale,  and  thus  ranging  westward  till  it  approaches  the 
€«stem  border  of  Sandy  dale ;  here  it  turns  southward  and 
takes  henceforth  a  course  parallel  to,  and  at  an  average  distance 
of  about  a  mile  oast  from,  the  course  of  the  third  toadstone, 
{before  described,)  keeping  to  the  west  of  Taddington  and  of 
'Arborlow,  and  thence  arriving  by  a  south-easterly  course  near 
the  north  of  the  village  of  Bonsai,  whore  it  appears  on  the 
•ottth-west  slope  of  Masson  low,  one  of  the  hills  bounding 
liatiock  dale  on  the  west.     In  Matlock  dale  itself  this  stratum 
it  exposed  by  denudation  on  the  banks  of  the  river  near  the 
foot  of  the  high  Tor,  being  brought  down  to  this  level  by  its 
■dip :  from  Masson  low  it  ranges  south-west  and  south,  passing 
near  Bonsai  church,  and  soon  after  meets  the  branch  of  the 
great  fault  before  described  as  running  through  Bonsai  dale, 
and  in  consequence  of  the  depression  of  the  strata  included  by 
the  angular  course  of  that  fault,  is  no  more  seen. 

The  first,  or  highest  toadstone,  commtMices  on  the  north-east 
•from  the  same  branch  of  the  fault,  as  the  second  about  half  a 
mile  south  of  it,  and  under  exactly  similar  circumstances ;  it 
■ranges  west  surrounding  Lane-head  houses,  and  thence  turns 
touth-east  by  Litton  town  proceeding  across  the  north  end  of 
Cressbrook  dale  and  by  th«  north  and  east  of  Hay  dale  to  the 
river  Wye,  on  the  banks  of  which  it  appears  about  half  way 
up  tlie  clifl*s  of  Fin  Copt  hill  (one  mile  and  a  quarter  north-west 
of  Ashford)  which  exactly  resembles  Matlock  high  Tor  in  its 
Appearance  and  the  strata  it  exhibits.     This  toadstone  crosses 
the  river  a  little  below  this  Tor,  and  traversing  the  middle  of 
Dimins  dale,  ranges  south-west  to  Moneyash,  where,  like  the 
.  preceding  beds,  it  trends  first  south  and  then  south-east  run- 
ning parallel  to  them,  and  about  three-quarters  of  a  mile  east 
of  the  second  toadstone.     IVis  course  carries  it  on  the  south 
aide  of  Bkikelow  Tor  (above  Bonsai)  and  thence  down  the 
.  castera  slope  of  the  hills  to  the  valley  of  the  Derwent,  which 
'  it  paves  near  the  north  foot  of  Matlock  high  Tor,  and  thence 
keeps  for  some  distance  on  the  east  of  that  river  sweeping  from 
the  rise  of  the  strata  in  an  ascending  curve  through  the  preci- 
pitous escarpmertt  of  the  Tor,  till  it  attains  its  middle  region ; 
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j,Of>  the  south,  it  re-crosses  th«  Dtrvnt) 
.  s.it  ■  ll)ird  time,  and  again  wilhjn  ttro-ikMi 
of  a  mlla.  toinr  4v>B  fiiutlj  re-rmsEes  it  at  the  p»per-niiU  IMI 
Ibtlock  IfJikt  Umwe  ranging  acrosa  what  is  called  the  ViiM 
to  fioml  dale,  when  it  abuU  against  the  fault  so  o[trnd«i- 
crib«d;  Uw  depr«6liM  however  of  slrau  inctaded  in  tbtr  vogk 
Mwded  b/  thit  Cult  is  not  suflicient  entir<;ly  to  codcmI  (bk 
tOMbtOiie,  b^twlj  throws  it  a  little  west  of  its  foctuM  tiwi 
bwring.  M  tWit  ucends  through  the  wood  on  the  south  adt 
ti  tha  im1b>  ud  trarflising  that  angular  area  in  a  s«uth-wi-ilrrlj 
directioDf  fiwdlf  ahi^  ojtamst  its  southern  side  so  uearl;  d 
tte  nns  point  wbnB  the  lliird  loadstone  (as  bcforp  dcsriibai) 
Mean  am  tbe  oppMite  side  of  the  fault,  the  strata  bf^n^m 
tiMt  dd*  dnatoO}  that  without  attentive  examinalion  it  nii|EU 
■Mrilf  bo  ihtifan  for  a  continuation  of  the  same  basKt:  Uiit 
pollitisoa»>thi(dof  amilc  west  of  Middleton. 

Sndl  bring  the  coume  of  this  (tntum  along  iU  entire  line  of 
banet,  it  mwias  oalv  to  m^atian  i|s  occurrence  io  two  attin 
riinationt,  where  oa  the  east  of  that  tegular  baeut  it  i>  thian 
ap  prematurely  by  a  line  of  faDit*  ranging  roaad  three  adn  d 
a  parallelogram  iiicludiug  the  filiagea  of  Butow,  BakewtU, 
Volgraie  and  Bee  ley,  on  its  north-neit  aod  math  borders;  lal 
eleTating  the  included  stiata,  by  what  U  technically  taaed 
a  trap,  up  to  the  east:  by  thu  fault  (which  Mr.  Faiey  calls 
the  fokewell  fault)  the  first  toadstone  ii  thtu  thrown  up  j0 
above  Bakewell  on  the  course  of  the  river  Wje  ;  (here  thit 
fault,  aud  the  effect  it  produces,  arc  represented  in  the  ac- 
companying lection,)  more  to  the  south  at  Over  Baddn 
where  Uie  lecond  limestone  is  alto  seen ;  end  itill  fiirthn  ■ 
the  same  direction  at  Yolgrave.  II.  The  Uat  Initance  « 
hare  to  mention  of  the  appearaj^  of  thia  toadstone  b  it 
•one  distance  from  the  main  limestone  ai^a,  where  tbe  nll^ 
of  Ashover  (three  miles  north-east  from  MatloclL)  exhibits  a 
deep  denudation,  cutting  entirely  through  the  mJllitono  jrit 
and  shale,  and  thus  exposing  t)ie  subjacent  limestone,  wU^ 
also  rises  by  a  flexure  and  saddle,  to  the  same  point;  here  the 
toadstone  is  seen  at  usual  underlying  the  firat  limestoDe;  aad 
It  Is  believed  here  to  pouess  a  thickness  much  greater  thu 
ordinary. 

We  have  entered  into  a  much  more  minute  debul  than  we 
anally  allow  ouraelvcs  of  the  localitiea  of  thete  strata,  daee 
the  important  theoretical  inferences  which  have  been  bntt  en 
them  render  it  desirable  that  every  facili^  should  be  ^v<n  to 
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f  atare  obscrren  who  may  hare  opportanity  of  examining  them, 
and  the  work  w^hence  these  notices  are  principally  deriTed, 
being  rather  of  a  ittatistical  than  scientific  character^  is  pro- 
bably in  the  hands  of  but  few  of  the  readers  pf  this  volome ; 
aDd  those  who  possess  it  and  are  acquainted  with  the  extreme 
difficulty  of  reference  which  the  author's  arrangement  of  his 
materials  (in  numerous  detached  lists  of  hills,  rallies,  &c» 
alphabetically  disposed)  occasions,  will  doubtlessly  find  the 
present  attempt  to  combine  and  collect  into  one  mass,  the 
icattered  information  it  affords  on  this  subject,  a  useful  aid. 
Much  hesitation  has  l>een  displayed  in  admitting  the  existence 
•f  the  enormous  faults  which  Mr.  Farey  belieyes  are  proved  to 
exist  by  the  phenomena  of  this  district ;  with  regard  however  to 
tbose  which  are  above  alluded  to,  it  is  absolutely  necessary  to 
concede  their  existence,  if  it  b<^ allowed  that  the  toadstones  are 
rvgularly  conformable  strata ;  both  these  positions  must  stand 
or  fall  together :  and  it  may  be  added,  that  enormous  as  these 
disturbances  are,  they  have  in  favour  of  their  reality,  the 
analogy  of  others  equally  great  at'  the  foot  of  Cross  fell, 
{see  Professor  Buckland's  paper,)  and  near  Ingleton,  where 
the  coaUmeasures  are  repeated  beneath  the  foot  of  Ingleborough 
«in  the  south-west  and  below  the  level  of  the  junction  of  the 
limestone  of  that  mountain  and  the  greywacke  slate,  (sec  the 
case  as  represented  in  the  general  section  from  Cumberland  to 
Sussex.) 

A  section  across  the  middle  of  Derbyshi;'e  from  south-east  to 
north-west  is  given  at  the  end  of  this  volume. 

It  commences  in  the  denudation  of  limestone  and  toadstone 

in  the  Ashover  valley ;  and  crosses  the  intervening  bill  of  shale 

grit  and  lower  coal-measures  to  the  valley  of  the  Derwent  at 

the  confluence  of  the  Wye;  thence  it  entirely  follows  the 

course  of  that  river  upward  to  Buxton ;  twice  crossing  the 

curved  line  of  tlie  Bakewell  fault,  and  exhibiting  its  effect  itt 

elevating  the  strata.     It  then  shows   the   successive  regular 

outcrops  of  several  strata  along  the  north  bank  of  the  Wye, 

and  the  lateral  dales  branching  from  it  on  that  sid&;  Ustly, 

crossing  and  displaying  the  great  fault,  it  terminates  in  Combes 

Moss  on  the  north-east  of  Buxton,   capped  with  the  coal- 

«*  measures,  thus  ending  and  beginning  in  the  same  stjrata.    The 

general  section  from  Cumberland  to  Sussex  also  passes  from 

north  to  south  across  the  Derbyshire  limestone  tract  near  its 

east  border,  and  thus  twice  crosses  the  curved  bassets  of  these 

strata,  and  passing  l^nsal  dale,  shews  the  effect  of  the  fault  in 

that  quarter.    It  is  hoped  that  these  sections  will  render  evecy 

point  in  the  above  descriptions  easily  intelligible. 

'an 


450  ficMkin.'  Coat, 

We  have  tliDS  deinibcd  minutely  the  cotme  and  pbeMom 
of  the  reguUr  toadstone  beds ;  it  has  also  been  slatrd  Aii 
occuional  masses  of  the  nnie  rack  occur  in  the  difftmit 
Kneitone  strata.  Those  on  Tideswell  moor  and  dale  ia  tte 
third  limestone  bayc  been  already  metilioned.  The  saae 
appearance!  also  occur  at  Mockshawind  llaredale  mine  ve<t 
of  Bakewell  in  the  1st  lime. 

Mr.  Whitehurst  mentions  dykes  of  toadstone  on  BmhI 
moor,  and  says  that  in  the  mine  called  Stack  in  that  qouta 
eue  of  these  formed  a  crMS  course,  tnter.iccting  the  metal lilemi 
vein  ;  the  description  if  correct  proTes  that  this  must  have  brM 
a  true  dyke,  although  Mr.  F.  observes  that  the  only  instance  el 
Buch  a  phenomenon  which  had  fallen  under  his  ohsemliMi 
was  a  small  vein  of  hard  toadstone  (only  six  Inches  ifide}]>artl; 
tiling  a  fisnire  on  the  3rd  toad^i^ne  stratum.  The  vpper  I*)* 
•f  (he  fiseare  was  occupied,  not  by  toadstone,  bat  t  tiMkMl 
'  very  Inflammable  coai ;  wliich  perhaps  may  havciftlMa  ' 
bitumen,  tmversed  by  sepia  of  calcareous  spar. 


V.    GREENSTONE  BEDS  OF  GRrPFE  IN  THE 

WARWiCKSniHE  CO.M^FIELO,  AND 

NEAR  THE  LICKEY. 

A.  Panning  the  road  to  Corentry  from  Xaneaton,  abH 
•f  slight  elef  atlon  b  aHreaded,  nbont  half  a  mile  firoH  (ke  laUer 
town.  This  consists,  h  far  as  the  nimmit,  of  the  cob^wb  Ads  ' 
of  the  coal-meaanres  dipping  tonth-weit  In  an  angle  of  befama 
33  and  40°.  At  the  very  inminlt  the  greenstene  mty  tat  he 
traced  on  the  western  side  of  the  rand,  which  In  iti  deMil 
towarda  lite  adjoining  Talley  on  the  lonlh,  called  OrUfe  HdlsVi 
ii  deeply  cnt  In  the  greenstone;  bat  It  is  there  in  so  drcas»^ 
posing  a  Mete  that  hi  characters  can  scarcely  be  dbcefved; 
towards  the  bottom,  the  greenslone  appears  to  be  oerered  by, 
as  at  the  top  of  the  bill  It  appeared  to  rest  upon,  shale ;  aw 
ttt  poaitloa  at  this  jsnc(i«i  Ii  such  as  seema  la  iDdlaite,  (hat  It 
•Mrms  a  crafhrawble  bed  in  the  shale,  rather  thoa  a  dyke ;  bplew 
hi  Griffe  bellow  itaolf,  which  creawt  the  road  at  right  MOffet,  a 
Hcond  maM  of  greenstone,  very  well  cfaatocteriaed  with  tfstbct 
bat  small  oryatali  of  felspar,  ^ipean  a  little  on  Hie  west  of  the 
road,  and  crosMa  the  hollow  In  a  Mnth-east  dfrActloii  (the  ge- 
neral bearing  of  the  strata)  and  proceeding  a  lltth  way  east  hi 
the  ravine,  greenstone  rocks  again  appear  ob  Its  north  herder, 
aactly  IB  the  line  of  bearing  which  the  greeniloDe  ftrst 
mentioned  must  have  pursued  if  a  regnlar  stratam,  nnderlyisg 
the  second,  and  tefu:«.le&  Itrnxi  \^^>^  VntecA'ntlfied  ahale.    On 
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tte  whole  there  seema  therefore  every  leeson  to  belieVe  these 
littiei  to  be  here  at  lefcst  coQformabljr  intemsed  among  the 
•Iher  bedi.  The  greatest  distance  to  which  the  anthor  of 
tbeie  obterratlons  traced  them,  did  not  exceed  one  third  of  a 
fdle;  bat  he  was  informed  thej  extended  nearly  a  mile 
ffther  in  a  south-east  direction.  On  the  north-west  he  coald 
Dot  learn  that  thejhad  been  erer  noticed.  No  dykes  were 
kiiown  to  exist  in  the  neighbouring  collieries,  and  they  were 
mther  free  than  otherwise  from  faults.  No  alteration  was 
aoliced  in  the  shale  near  its  contact  with  the  greenstone  at  the 
Mily  spot  where  the  junction  could  be  obserred ;  namely  the 
KCtion  presented  by  the  deep  cutting  of  the  Nuneaton  road. 
The  thickness  of  these  beds  cannot  be  accurately  obserred  ; 
Imt  they  probably  exceed  thirty  feet  each. 

B»  Professor  Buckland  noticed  some  dykes  of  trap  near 
the  broken  traces  of  the  coal  formation  on  the  north  of  the 
Uckey  on  the  opposite  side  of  Warwickshire. 


VI.    TRAP  ROCKS  OF  STAFFORDSHIRE. 

A.    Rowley. 

The  principal  mass  of  these  occurs  in  the  southern  part  of 
the  county ;  orerlying  the  coal-field  which  surrounds  the  town 
of  DndijBy.  It  there  constitutes  the  material  of  a  group  of 
bills,  beginning  on  the  south  of  that  town,  and  terminating 
Sdbont  half  way^  between  Hales  Owen  and  Oldbnry,  a  little 
beyond  the  village  of  Rowley.  They  appear  at  fint  sight  to  be 
a  continuation  of  the  limestone  hills  to  the  north  of  Dudleyi  u 
they  proceed  nearly  in  the  same  direction,  and  have  the  sadie 
elevation,  though  their  size  is  not  so  great.  But  these  hills  are 
composed  of  very  different  constituents,  and  lie  in  a  very  dif- 
ferent position  with  respect  to  the  coal«formation  of  this  country. 
They  consist  of  very  pure  basalt,  which  in  the  neighbonrhood 
of  Birmingham  is  called  RowUg  ragj  becanae  the  village  of 
Rowley  Is  situated  on  one  of  these  basalt  hills,  and  this  hill 
appears  to  the  eye  to  be  the  highest  of  the  whole  range.  The 
names  of  these  hills,  beginning  at  Dudley,  and  proceeding  in 
the  order  of  their  position,  are  as  follow :  Corney,  Tuisiey^ 
Bare,  Cook's  Rough,  Ash  or  Cox*s  Rough,  Turner's,  Pearl, 
Hailstone,  Timmins,  Rowley,  "Whitworth.  These  hills  arc  all 
covered  with  soil;  but  quarries  have  been  opened  in  several 
of  them,  and  the  basalt  of  which  they  are  composed  is  em* 
ployed  for  mending  the  roads.  The  streets  of  Krmlngluim  are 
likcivise  paved  with  it. 

3ii^  I 
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■  This  bnwn  has  k  gra^iab-blMik  colour.  Its  fracturp  hisiU 
coachoidal,  and  nfarly  tveii,  irith  liere  and  lb«rc  a  Utile 
tendency  tu  the  splinUvy.  Its  luEtre  is  gliniDK^Ing,  owitftD 
very  sniBlt  Uliuk  crysIuU  bc'm^  interspersed.  They  aptwtiU 
bi!  priims.  Thoir  lustre  would  indicate  Ihem  la  be  auj^lt; 
but,  ss  (lieir  colour  h  bincli,  I  rather  cousider  tli«Di  as  hon- 
blende.  The  basalt  is  oirake,  briille,  not  eatily  fnuipbk, 
breaks  Into  fragnienli  with  sliarp  eilge^,  aitd  the  (larioun  b 
BinninKhan]  complain  Hint  they  aiitaot  break  it  into  the  thifi 
adapted  for  paving  the  streets.  It  is  h»rd  caou^b  to  cutgtaH, 
and  to  strike  fire  with  a  tteel.  It  nielis  before  tlie  btow-pipe; 
and,  when  heated  in  an  o|teu  firOj  becomes  DiaguctiC)  aud  low 
three  per  cent,  of  itn  weight.  I 

Dr.  Withering  seems  to  liave  uiiucd  the  lime  aiul  *od^ 
which  110  doubt  eiiat  in  Rowley  rag.  Bat  the  aualyut  d 
iiriucrals  wu  nt  lliat  time  iu  so  luiperfcct  a  state,  lh>t  «c  litn 
nore  reason  to  admire  the  accuntcy  wliicb  he  actually  altaiatdf  I 
than  to  tie  snrprised  at  the  mistakes  into  which  he  fell.  The 
ba-iall  tu  these  hith  ha^  a  VPry  distinct  columiur  structmi.'. 

The  ainfa  acaount^  whtcti  ginax  oleai  anmnaff.  «rf  tka 
fceology  of  these  bills,  is  extracted  from  a  memwr  of  Dr. 
Thomson,  but, it  thoold  be  in.  justice  added  that  Mr.  Kciti 
the  first  iuTestigator  of  this  district,  whoM  obserratitmi  an 
Inserted  in  the  IstToliinie  of- Shaw's  hiatory  of  StaBordsH^, 
l«ft  nothing  te  mcceedin;  enqniran  but  the  taik  of  qooipilatiMi 
^leie  hjlla  at  their  border  evidently  overlie  the  coaMonMtiM 
;irfaich  ha^beeu  pitt«ued  to  sone  distance  bcneatli  theia.  ftH 
it  U  very  poislble:  that  thej  najr .  neTeithtiesa  be  tiiauni*ii 
with  a  vaat  dyke,  penetratiog  the.  rtntk  bcnewth  their  ocaW 
snd  (neriying  only  at  itl  edges.  This  th  .tbe  «piawM  d 
Mr.  Kier. 

•  It  Hbo«ld  be  dbserred  that  the  coloBMr  itiuetaM,  Um*^ 
*ery  freqaerit^  Is  far  from  universal  in  thia  >tnp^  which  .09 
commonly  occnn'ln  laage  spherical  taaues  dcoMspadng  M  tka 
Mr&ce  Into  condcntric  Li.yers«  as  deacribed  fai  tba  geM^ 
■cooant  of  the  rocki  of  .this  fermalioa  at  the  begimriag  «f  tin 
brticle.  An  amygdalotdd  larieU  coataining  calcarcoM  i^ 
»ai  zeotite  oetars  mttbe  sboth  a  the  town  of  Dudley.  Tba 
idghest  point  of  the  RawlftyUillBn  stated  bjr  Dr.  Tboauoeto 
be  SOO^cet  above  the  Thames  at  ftrentfeid,  tbn  height  hariag 
been  dcdaced  from  obfCtvatioDs  00  tlie  canal  levels, 

.    ^B.  :  Tir^  in  the  CcUiay  ttfBirek  Bainmr  tVaiiM. 

■  Thia  colliery;,  w  deKin-thed  bj  Mr.  Aikini  presMits  iiany 
{ntercstint  fzcU  «nkaf.c^.<:^  V\\h.  011.T  ^icsent  ^hjact;  it  ii 
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lioaiided  on  the  north-west  by  a  fanlt  called  by  the  miners  the 
green  rock  faalt,  and  on  the  surface  above  this  fault  appears  a 
low  narrow: hillock  of  greenstone;. all  the  beds  rise  w}th  an 
angle  rapidly  increasing  as  thej  approach  this  fault,  advandng 
in  a  few  yards  from  6*"  to  %5\  Among  the  beds  worked  in  the 
colliery,  is  one  of  greenstone  similar  to  that  of  the  neighbouring 
hillock.  This  bed  is  in  appearance  conformably  interst ratified 
where  it  is  pierced  in  the  workings ;  but  varies  remarkably  in 
thickness,  being  in  one. shaft  34,  and  in  a  second  only  13  feet. 
[b  a  third  shaft,  which  crosses  the  strata  usually  above  and 
below  it,  it  is  entirely  wanting ;  and  it  is  observable  that  its 
thiekness  in<!reases  in  approaching  the  green  rock  fault*  From 
thesie  appearances  Mr.  Aikin  concludes  that  the  green  rock  hil- 
lock it  part  of  a  thick  vertical  dyke  of  greenstone ;  and  that  this 
teeming  bed  is  only  a  wedge-shaped  prolongation  of  that  dyka 
intruded  among  the  regular  strata ;  if  so,  it  affords  an  example 
of  tiic  case  represented  in  the  beginning  of  this  article  on  Dr« 
Mac  Culioch's  authority;  but  it  is  fair  to  state  that  the 
absolute  junction  of  the  bed  and. fault  have  never  been  laid 
open.  The  faults  affecting  the  other  bed  of  the  colliery,  affect 
this  likewise;  which  is  an  important  fact,  as  proring  that  it 
existed  among  the  coal-measures  (however  introduced)  before 
Lha  convulsions  producing  those  faults  took  place. 

The  substrata  immediately  beneath  this  bed  of  greenstone 
ippear  to  be  altered  by  it,  differing  in  their  character  where 
t  does  not  exist ;  thus  the  sandstone  immediately  beneath  it 
3  Indnrated,  and  the  shale  and  coal  beneath  (tliough^ preserved 
from  actual  contact  by  that  sandstone,)  are  yet  deprived  of 
their  bitumen  and  much  altered  in  other  respects. 

The  rock  in  question  appears  to  be  a  greenstone  consisting 
principally  of  felspar  and  amorphous  hornblende,  and  else 
contains  caii>onate  of  lime.  In  the  Annals  of  Philosophy  for 
Sept.  1818,  is  a  farther  account  of  the  ridge  of  greenstone  tnen- 
tioocd  in  the  beginning  of  this  article.  This  ridge  appears  \o 
extend  a  mile  in  length,  varying  in  breadth  from  lialf  a  mile  to 
40  yards  :  at  the  point  of  it  called  Pouck  hill  a  quarry  has  been 
opened,  which  exhibits  columnar  masses  of  basalt  dipping  to« 
wards  a  central  point  which  is  traversed  by  a  vertical  dyke. 
Prehnite,  mesotype,  and  sulphate  of  barytes  occur  in  this 
quarry. 

VII.    SECONDARY  TRAPS  OF  SHROPSHIRE. 

In  the  south-east  angle  of  this  county,  the  twin  mountains 
called  the  Tittcrstone  Clee  Hill  and  the  brown  Clee  Hill  rise  to 
an  imposing  height:  they  hate  before  bacum^wNl^w^Ww^^^ 


BiA  dNte  feMrtmldbs  kftw  «Mr:Mailbili  itaipdiei  off  t.tak 
MMllj  mtaMte  Art  of;  Btfrtiy^.^  lb  Mdk  tUi  tall 
iBrtM  •  dbaMt  ti4^ 
Tte  tn^  hevft  ctaiHy  •em*  in  Aratlylng 


io|lt  lo  Oft  BiMittlniift^  ttM'  inlliMil^  MpHl^tjm  Ww*<Mp 
iMiiiunet.    It  tlifn  a^Mt  ki  foMm  vMl  Am  H0#l0f  HM} 

Sd  bodillMbpolirtsfliediitUclly  vUMeinm  fl^ 
K  BllMMI  aliiAet  Ikht  he.rtiftniJ  fc  iiiiMilin  ilJili 
liMidlte  «ap  4r  tiMi  TlttetrtMle  Oboh  ft  iM'iM«i%'*  #^ 
tltoA  100r>Hd»wid*41MwHh«lwMtelMiril«ilAMM 
fMtid  tlM  WI,  cottiiig  tkrte^  tkB  cwJifcHM-Jfririiirl*! 
fttt  Ulamm  depth  uld  ftpptei  lo  Mft  ttn»il-ft^f»wl4fc 
iMftI  to  tift  ftftiAKSfti  Whtoft  thli  bftitft  qjftrtK  M  liiilil  iM> 
tfioMdi  ft  hM  faQftibd  ill  q«i%  lift*  ftrflMC»««Mi 

«|ftte«  •■:.:■■>..■    -;.tM,:-WJ|fi 

.  h  thd  iliwCT|(»oftDdi|  on  tiw  61*  ftf  tii€laft  liHit iBrtli^ 
fto  tunjgdaloid  occitra)  with  cahsftreow  giftidi;  bftt  ilbpidliil 
ftttd  relations  are  not  stilted. 

The  greetiBtone  Which  occnri  orii  tiie  limits  of  ti»  Godbrtil* 
dale  Coal-field  at  Steerawaj  aod  little  Wenlock  Hills,  aj^pssft 
rather  to  be  associated  with  the  tnmsition  limestODO  Uiaft^dlh 
the  coal-measnres ;  and  therefore  will  most  proporiy  be  daasi 
ftnd  described  among  the  traps  assocUted  with  the  tnftdths 
rocks.  To  many  it  may  Indeed  appeai^  that  the  ttap  mli 
hare  so  mailj  narks  of  a  pecnliar  origin,  as  to  render  ^  sub- 
division of  them,  accorditi^  to  the  Mrmfttions  into  wMci  diej 
hate  been  perhaps  intmded,  implroper.  Bnt  thftt  sabdivldMi 
may  (however  the  tlieoretical  qliestion  lie  viewed)  bs 
defeitded  on  the  ground  of  conrenience ;  and  to  neglsct  it 
would  be  to  proaovnce  a  decided  opinioft  on  ft  tnoch  cootiofSftsi 
hypothesis ;  a  province  which  tills  work  entirel j  diadalak 
.  On  the  south  of  the  Qee  hills,in  Worcestenhire,  the  sftiate 
of  the  Abberiey  Hills  alto  present  trap  rocks ;  bnt  la  tUs 
instance  agnin^  they  appear  to  be  aBsodftted  with  tmuMaa 
limcistone. 


CHAPTER  VI. 

Gumporaihe  view  of  ifie  diiiributian  of  the  greai  Coal-^ 

formation  in  other  countries. 

HftTing  in  the  preceding  chapter  concluded  oar  examinatioa 
•f  the  English  ooai-districts,  we  may  usefnll  j  close  the  present 
Kook  with  a  rapid  survey  of  the  distribution  of  this  important 
nineral  in  other  oonntries. 

Ta  begin  with  Scotland,  as  most  nearly  connected  with  our 
proper  field  of  enquiry,  we  find  In  Dumfriesshire  (where  the 
greet  central  Penine  chain  of  Northern  England  joins,  almost  at 
right  angles,  the  great  southern  transition  chain  of  Scotland) 
oieny  limited  coal-fields  reposing  against,  or  forming  narrow 
kesins  in,  the  vallies  of  the  latter  chain ;  these  are  associated 
with,  and  rest  upon  as  usual,  thick  beds  of  the  carboniferous 
limeatone.  (See  Jameson's  Mineralogy  of  Dumfries ;  and  for  aa 
ACoouBt  of  the  limestone  quarries,  Sowerby*s  Min.  Conchoiogyj 
foL  S.) 

Bat  the  principal  coal  district  of  Scotland,  occupies  the  tract 
fiynniBg  what  may  be  called  the  great  central  yalley  of  Scotland 
(epMUng  relatively,  for  considered  in  itself  Its  surface  is  very 
censidenbly  traried),  which  lies  between  the  great  transition 
ciMin  on  the  south,  and  the  slill  loftier  priroitire  ranges  of  the 
highlands  on  the  north.  The  whole  of  this  wide  tract  is  occu- 
pied by  the  coal-measures,  the  carboniferous  limestone,  and 
the  old  red  sandstone,  associated  in  every  possible  manner  with 
▼ast  accumulations  of  every  variety  of  trap.  A  good  general 
description  of  this  tract  will  be  found  in  Bouet's  *  Geologic  de 
FEcosse';  a  memoir  by  Mr.  Bald,  in  the  third  volume  of  the 
Wemerian  Transactions,  on  the  Clackmannan  coal-field,  though 
referring  to  one  point  only,  furnishes  the  most  precise  Infor-^ 
nation  concerning  the  more  detailed  structure  of  the  coal- 
measures  ;  and  many  particulars,  together  with  a  good  list  of 
the  organic  remains  found  in  the  carboniferous  limestone  (which 
agree  with  those  occurring  in  England)  may  be  seen  in  the 
history  of  the  parishes  of  Rnthenglen  and  Kilbride,  near  Glas- 
gow. Williams's  Mineral  history  (republished  by  Dr.  Miller) 
furnishes  some  materials  concerning  the  eastern  part  of  this 
tract,  but  such  as  are  rather  interesting  to  the  practical  miner 
than  the  geologist. 

In  the  low  district  on  the  east  of  Sutherland,  where  the 
secondary  formations  again  intrude  among  the  primilivo  high- 
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Imd  cTtalni,  coal  hu  been  discomcd  at  Brora;  bntbgiaAi 
•light  desrrlption  incidentally  given  of  this  tract  in  thennMii 
of  Mr.  Bald  (3  toI.  Trans.  Wem.  Soc.)j  before  refened  bi,  U 
nay  be  conjectured  tbat  llih  does  not  belong  to  the  priuipl 
coaUfonnalion,  but  to  those  beil«  which  occasioDnlly  occor  ii 
nore  Tuemt  fanDatioos,  being  peihaps  of  the  tune  cavift 
Ibi'  coal  of  the  Cleaveland  district  in  yorkshire. 

In  the  uorth'east  of  Ireland  we  may  trace  the  prolmigilJDM 
«£the  two  great  primitive  and  transition  chains  nhicb  Inntu 
Scotland,  and  arc  interrupted  on  its  iiuulh-irest  border  bj  ibe 
diiuuiet  between  the  two  islands;  the  mica-slate  of  tbcfomit 
chain  appearing  to  cross*  fromCantirc  toCushcnda!  iutheDortb- 
cyst  angle  of  Autriin,  aud  (after  a  partial  eoncealmcDl  bj  itt 
STeilyiBgof  the  great  baultic  ure»)  to  range  along  tbe  nonb- 
Ciu  counties  of  Donegal,  &c. ;  ^chile  the  grey  wacke  «(  d* 
|alt«r,  croning  froin  Portpalrick  to  Donaghadee,  extends  diean 
iowai^B  tbe  ceniK  of  the  island.  Tbe  fonnations  of  the  pal 
Central  raltej  of  Scotland  here  likewise  intenreae,  and  amoi^ 
them  the  coal- measures,  which  may  lie  seen  emerging  fron  ^ 
beneath  tbe  overlying  bakalt  a(  Fairhcad  on  (he  north-east,  sai  i 
again  just  beyond  the  south-west  of  the  ba&al tic  area  atCail  I 
Island  and  Dungaunoii ;  but  other  parts  of  Ireland  present.to 
more  important  coal  districts.  Indeed  the  island  may  geoeikllf  | 
be  described  (with  the  esce|il4«<i  of  tbe  nDftfa-«ut  baiallH 
area)  ai  being  almost  surrounded  with  a  Eeriet  of  primitlfB  Ml 
tnnsitioo  groaps,  including  a  great  central  area  entirely  ocn- 
pied  by  the  old  red  sandstone,  carb<»iiferous  lime^  fui  cMi- 
measures.  The  itractnre  of  thew  districts,  rerj  cIoibIj  of 
Kipouds  with  the  tracts  of  tbe  same  fbrmition  ia  Ei^awLt 

'  Thii  connrccioD  between, the  iwo  conntrici  is  more  Fully  poioudMit 
and  illiutnitcd  by  ■  map  in  tbe  iatroduction  to  Dr.  Beifcr's  maaoir  oo  lit 
nortb-eaMcm  couatiet  of  Irdand,  Ocol-  Traai.  vol.  3.  drawn  up  by  Ac 


mportint  in 
of  the  coal-diMricli  here  mentioned. 
'Ifweezcep*  thrLciutcrdiitrict,  my  knowledge  of  the  ooaldiMiitfi  of 
Irebad  ii  u  yet  very  limited.  And,  lliough  each  in  itt  turn  will  Cmb  ^ 
subject  of  a  lepaTate  report,  I  think  it  nght  to  draw  — — .:~  •-  'i— 
in  ihii  place,  by  jpving-  lucli  ftneral  information  ai  ' 
their  iitnatiun  and  cirruiMtaocet.  Cml  b»  bee-  '*^- 
ten  quantity  in  tevenleen  counties  *  of  Ireland ; 

*  Thecountiea  are,  Antrim  near  Ballycaitle;  Donegal  ntmb  of  MouM 
CKarlci;  Tyrone  in  tbe  Uiiler  coal  diacrici,  andatDnlrnqoio;  PermanajHi, 
Bonb  eonlinualion  nf  the  Contiaught  coal  dinrict,  and  at  Peli^;  Mo- 
nagban  near  Can\cViiiaciou\  C%vui  sxu  StlivutMt ;  Leitrim  ud  Ro; 
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"  We  may  now  pass  to  the  Contineot,  and  will  first  mention 
Sweden  because  it  seems  scarcely  too  bold  a  generalisation  to 

<ontiim  but  four  principal  coal  dittricU,  vis.  the  Leioster,  the  Manster^ 
^hm  Gonnaiight,  and  the  Ultter.  The  two  former  contain  carbooaceoiu  or 
MpueH.oal»f  and  the  latter  bituminous  or  biasing  coal. 

The  I^'nxter  coal  district  if  ntuatcd  in  the  counties  of  Kilkenny,  Queen*s 
county,  and  county  of  Carlow.  It  alio  extends  a  short  distance  into  the 
county  of  Tipperary,  as  far  as  Killenaule.  This  is  the  principal  carbooa* 
ccaiks  coal  district.  It  is  divided  into  three  detached  parts,  separated  from 
BKh  other  bf  a  secondary  limestone  country,  which  not  only  envelopes, 
but  in  continuation  passes  under  the  whole  of  the  coal  district;  a  fact, 
which  was  indisputably  though  accidentally,  proved  by  the  Grand  Canal 
Company,  who  sunk  a  pit  through  eighteen  yards  of  black  slate*clay,  and 
fliaCy  sUite,  into  the  limestone  in  search  of  coal.  The  t«inster  coal  district 
btbonefore  of  subsequent  formation  to  the  limestone. 
.  Hae  Munster  coal  district  occupies  a  considerable  portion  of  the  counties 
of  limerick  and  Kerry,  and  a  larre  part  of  the  county  of  Cork.  It  ia  by 
mneh  the  most  extensive  in  Ireland;  but  as  yet  there  is  not  sufficient  inform 
nation  renpecting  the  number,  extent,  or  thickness  of  the  beds  of  coal  it 
pBwr  contain. 

Coal  and  culm  for  near  a  century  have  been  raised  in  the  neighbourhood 
af  Kanturk  in  the  county  of  Cork.  At  Dromagh  colliery  I  underitand  the 
RTork  has  been  carried  on  to  a  very  considerable  extent,  and  its  annual  sup* 
plies  of  coal  and  culm  have  materially  contributed  to  the  agricultural  im- 
provement of  an  immense  extent  of  the  great  maritime  and  commercial 
KNintics  of  Cork  and  Limerick,  which  must  otherwise  have  continued  ne* 
fleeted  and  unreclaimed. 

Many  circumstances  combine  to  make  the  examination  of  this  district  of 
peculiar  interest  and  importance, — and  as  a  recent  application  has  been 
naade  by  the  Cork  Institution  to  the  Dublin  Society,  to  aid  the  undertaking, 
it  is  probable  that  this  immense  district  will  shortly  be  minutely  explored ; 
From  all  that  has  been  ascertained  it  is  very  clear  that  the  dip  of  the  beda 
ind  the  quality  of  coal  differ  materially  from  those  of  the  Lcinster  district, 
[n  the  Munster  district  the  beds  run  east  and  west,  and  dip  to  the  south* 
forming  an  angle  of  forty-five  de^ees.  In  the  Dromagh  colliery,  where 
dl  the  beds  which  have  been  discovered  have  been  successively  aod  in 
general  successfully  wrought,  four  beds  incline  on  each  other,  and  at  no 
g^reater  distance  than  SCO  yards.  The  first  of  these  beds  is  a  three  feet 
ttone-coal,  aud  is  the  leadmg  bed.  All  foults,  checks,  and  dislocations^ 
limilar  to  those  which  are  discoverable  in  this  bed,  are  in  general  to  be 
encountered  in  the  other  three;  the  names  of  the  four  beds  are,  the  tml^Mi 
thia  lies  furthest  to  the  north;  the  reei-e^aii  to  called  from  its  being  com* 
paratively  of  harder  quality  than  the  other  beds;  the  imU  hei\  so  called 
from  its  coments  being  found  in  large  masses  or  bulks ;  and  Bathes  Uii  so 
called  from  the  name  of  a  celebrated  English  miner,  by  whom  it  had  been 
many  years  ago  discovered  and  worked ;  the  coal-bed  consists  of  three  fed 
lolid  coal,  ami  is  not  sulphureous ;  the  rock-coal,  is  nearly  of  the  same 
thickness  with  the  leading  bed,  but  is  very  sulphureous,  and  having  the 
lonndcst  roof  is  the  most  easily  wrought.    The  other  beds  are  of  the  culm 

common  in  the  Connanght  coal  district  \  Westmeath  near  Athlone ;  Queen's 
county,  Kilkenny  and  Cark>w,  in  the  t^inster  coal  district ;  Tipperary, 
conrinuation  of  the  same;  and  Clare,  Limerick,  Kerry,  and  Cork,  in  the 
Munster  coal  district. 
f  Slaty  Giants  coal  of  Werner. 

3  N  . 
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Conii<)«r  thp  primitive  Tuagts  wtrlch,  perTadin^  Norway,  eilwl  [ti 
•te*  the  gnalct  part  of  that  cmntry  into  Kliilaiul,  iia  CMk     ^j 

ipcciw,  hy|  of  piniliir  ilrf  ngih.  Eu li  barrel  of  <iili»  hii  b«n  ucnnM  ■_ 
to  burn  from  nine  lo  ten  barrelt  of  lime.  The  bulk  tJ«il  fonmt  imma*  ,~ 
bulk)  and  muses  of  salm.  in  vhich  the  oiiaen  have  fRqueMl^  bMB  bbiU>  * 
■o  main  Ilic  □nlinarj'  dirccUoiu  of  roof  and  Kat.  '-• 

Ho  woik  hu  been  unilt^rtaleen  in  ihe  Mumttr  ciml  diatrkl  to  a  gtW"       a 
4ef>tb  thwi  80  yardt     The  nrruni  work  at  (be  Dmirbigh  tolllciT  i>  »1  iW       j 
d>[Mh.    hit  heavilji  watered,  and  lOQiequcndr  eipentively  wioughi.  Bi        . 
^•alitjt  of  the  roil  and  culm  improve)  at  the  work  detcendi.      Mr.  Lm4v.      I  < 
who  It  the  proprietor  of  the  Droma^  colliery,  ha«  kindly  cinnmaiiin«J      I ' 
to  me  all  li.e  Mrvcyt  and  reporti,  which,  trom  lime  lu  time,  have  benn* 
•cived  from  (he  penom  who  have  inipecled  and  UirKNd  ihe  worti.    TV 
peculiar  protimity  of  the  bedi,  aitd  the  estrtonliaarvdiTeriiiT  ii<  their  OM- 
tenu  in  Ibe  Muculer  diiirict  make  the  miaule  eiarmwllon  of  thn  rt^-tM 
«f  dueried  inlereit  and  importance  lo  thti  couniry.     The  ime  !  trwl  ■ 
Bot  remote,  when  the  great  coal-field  on  the  left  bank  of  the  Bbtkinitt 
will  he  found  lo  coulain  mioeral  treuure  alt«gether  ioexlututible,  ud  If 
theliberalilyof  ParHament.andiheiudieiouaand  puntitlreiertioiuof  tlx 
Director!  of  Inland  Nangntion,  fully  adequate  id  all  pnrpmct  of  dsaoiif 
vonreaience,  and  of  naiioual  utility. 

The  Connaaeht  coal  diitiict  tUndi  neit  in  order,  of  value,  and  import- 
ance, to  the  Leinirer  and  Muniter,  and  possibly  may  be  fiiun.1  to  dofT« 
the  fint  place,  when  in  auluerranean  IrtMUre*  ihall  be  eiplared.  At  pt- 
tent  Dolbine  i>  known,  eicept,  (hat  the  ouMr  edge*  of  trveral  bedi  of  coil 
lave  bees  i^ierved,  but  ihey  have  not  been  Ir«cra  In  any  diaonce;  » ibu 

*pe<ici.  1'his  coal  i<  particularly  adapted  to  Ihe  puqwiei  of  imn  fiKb, 
ftnindrict,  &c.  ttc. ;  aiid  ilie  jn^ey  pig  iron  made  at  ihe  Ari^na  iron  wtub 
jg  jpMm^  t2i^  vtry  btat  laaclted  iu  (itf  aaipin*  LdAeb  AUaoi  Utf  ttMrc*  <d 
Ibc  river  ttatwoa,  forma  i  bi^  In  the  miJw  of  thu  gnat  datriel,  wtiA 
on  that  aacoaot  appem  lo  be  Jbrmed  by  nMn*  for  indaary  tai  tan- 
mcrcci  but  the  oaviguion  ha*  b««a  nariactad,  aod  iaat  prtMX  iaaika 
tuu,  that  neac  but  boat*  of  Oifliiy  burdan,  can  p)v  on  the  river,  bctiam 
l^ofh  Allen,  aod  LaiMbonwgh.  However,  the  lJ!rcciun<ledafil«fi>- 
land  aaWptno  in  iKland  are  at jiwmih  awployid  ia  coiiiplaD^thefayl 
ouaL  bettM**  Coolubay  and  Tarawabarnr  oa  (he  liver  Ommmb  ;  iM  i> 
b  to  be  iwped,  lh«  they  will  at  tli*  nine  ttane  coanplat*  «  navi^abk  coo- 
PMwiwticM  between  Lo«fh  Allen  and  tbc  SbamMiat  aa4  repair  and  isb 

{Ta'tnfl 


IT  of  having  a  very  large  denMnd  for  thair  prodm 
naviniiai  betwaen  the  lake,  and  tb*  Bhannon,  ihalL  ba  en 
The  Uliter  cod  diNriet  ii  of  iriCag 


!ii  the  lake,  and  the  BI 

DangaoiKin,  In'thc  eoumy  e<  Tynoe, 


the  adgbboarhood  of  Co^atowa.  Mo  bed*  of  taa]  wonb  wortiii  have 
'  bitheitobe«n-diietvwdb»twenOo*li»iMidaadCpukii»a»,haie«rtai^ 
«bacoal  •trataeitend  there.    Tbeprladpal  coUicriea  ai  •-<.>—] 

Dangtimon.    The  coal  of  thit  ifiiiriet  hbk\ 
iadkatioBi  of  coal  have  been  obwrvad  at  I         ,      . 
lyroaa,  and  aUo  K  Vetisoa  to  tlie  nnth  of  I^nwh  Bi 
«oal-fonut)an  my  nxtuL  tram  the  tLdt^bourlMMid  4t-  Ouvkmamn,  w 
ward  to  ttunofdiof  \.Da^Szve. 

Beiidctthe  to(esQ>nifnKi^cwLl.£>Xxva»,'te)snv«<aaa\<A'>*9*t<»i 
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tiDuatioQ  of  the  range  of  the  Scotch  highJaiidiy  over  against 
which  they  lie,  and  with  which  they  closely  agree  in  chamcfer. 
And  if  this  be  allowed^  the  coal  which  ocean  on  the  sooth  of  the 
prfanitiTe  tmct  near  llehtingborg  at  the  entnuice  to  the  Baltic^ 
vill  be  foond  on  the  same  geological  line*  with  that  of  the 
central  Scotch  district.  There  exists  coal  also,  as  it  appears, 
oo  the  prolongation  of  this  line  in  the  island  of  Born  holm  ;  its 
fiirther  extension  might  perhaps  be  found  in  Russia ;  but  we 
know  too  little  of  tliat  country  to  speak  with  precision  con* 
eeming  it,  and  it  will  be  found  more  conrenient  to  postpone 

•emiCDce.  BitumiDOut  coal  has  been  found  in  the  neighbourhood  of  Bel- 
toniet,  in  the  county  of  Cavan,  and  at  the  collieries  of  Ballycastle,  in  the 
edonty  of  Antrim;  but  the  Antrim  coal  district  it  not  Terv  extenftiTe. 
Tlicie  coUieria  have  been  wrougrht  for  a  number  of  years.  Tne  coal  is  of 
a  slaty  nature,  and  ^ready  resembles  both  the  coal,  aud  the  accompanying 
rocks*  which  occur  in  Ayrshire,  and  probably  they  lielong  to  the  same  for* 
ihation.  A  very  extraordinary  discovery  was  made  at  these  collieries  about 
the  year  1770.  It  is  thus  described  by  the  Rev.  Dr.  Hamilton,  in  his  Letters 
on  tne  north  coast  of  the- county  of  Antrim.  **  The  miners  in  pushing  fttiv 
ward  an  adit  or  level  toward  the  bed  of  coal,  at  an  unexplored  part  of 
the  Ballycastle  cliff,  unexpectedly  discovered  a  passage,  cut  through  the 
rock.  This  passage  was  venr  narrow,  owing  to  incrustations  formed  on 
its  sidci.  On  being  suificiently  widened,  some  workmen  went  through  it. 
In  minutely  examinin}^  this  subterranean  wonder,  it  was  found  to  be  a  com- 
plete gallery,  which  had  been  driven  forward,  many  hundred  yards,  into 
the  b^  of  coal ;  it  branched  out  into  S6  chambers,  wh^rc  coal  miners  had 
carried  forward  their  works ;  these  chambers  were  dressed  quite  square, 
and  in  a  workman-like  manner;  pillars  were  left  at  proper  intervals  to 
support  the  roof;  and  in  short  it  was  found  to  be  an  extensive  mine, 
wrought  by  a  set  of  peo}>le,  at  least  as  expert  as  those  of  the  present  gene^ 
ration.  Some  remains  c^  the  tools,  and  even  of  the  baskets  used  in  the 
'works,  were  discovered,  but  in  such  a  decayed  state,  that  on  being  touched 
they  fell  into  pieces.  Some  of  the  tools  appear  to  have  been  wood  thinl  j 
ahcM  with  iron. 

The  great  antiquity  of  this  work  is  evident,  from  the  fact,  that  there  does 
not  exist  the  most  remote  tradition  of  it  in  the  country;  but  it  is  more 
strongly  demonstrable  from  the  sides  and  pillars  being  found  covered  with 
sparry  mcnistations,  which  the  present  workmen  do  not  observe  to  be  de- 
pctsited  in  any  definite  portion  of  time. 

The  whole  of  the  coal  districu,  which,  as  far  as  I  know,  occur  in  Iretond, 
have  now  been  mentioned.  Trials  have,  however,  been  made  at  Slane  on 
the  river  Boyne,  and  also  in  tlie  neighbourhood  of  Balbrigffan  and  Rusk. 
These  trials  were  however  on  the  edge  of  the  district,  near  tne  junction  of 
the  limestone*  If  the  country  contain  coal,  it  will  more  probably  be  found 
in  the  interior  than  on  the  edige  of  the  district.  From  this  brief  account  of 
the  coal  districu  it  appMrs,  that  very  extensive  tracu  of  coal  ccnrntry  exist 
in  Ireland ;  but  nooe,  if  we  except  the  Leinster  district,  have  been  ex- 
amined ;  yet  the  Munster  coal  district  is  in  extent  greater  than  any  in  Eng* 
land,  and  may  probably  contain  inexhaustible  beds  of  coaL 

•  We  must  not  be  understood  to  convey  the  idea  that  the  coal  forma 
continuous  strata  having  a  regular  basset  along  these  extensive  lines ;  but 
rather  that  it  comtitutes  a  series  of  insulated  deposits,  still  preserving  a 
general  direction  regulated  by  the  great  primitive  chaioa. 
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the  few  notices  we  ftossess,  till  we  have  fitst  consldi-rrf  (liMi 
|)ar(9  of  KuiTipt  where  belter  information  ik  to  he  pKH'vivd. 
■  As  we  have  noticed  in  the  above  paragmph,  cool.fli'W»  to 
the  north  of  Burope,  apparently  connected  with  thp  ceotrtl 
System  of  Scotland,  »o  we  might  nalurall;  look  for  the  mump- 
(ion  of  thobe  of  the  sogth-westem  English  counties  in  I1i« 
opposite  regions  of  t'rance.  It  is  true,  indeed,  that  in  the  moth 
fif  fioineraet  and  through  Devonshire,  no  conl  has  been  nb- 
6crted  ;  being  probablj  concealed  bj  the  advance  of  the  o»m- 
lyiug  deposits  of  new  red  sandstone  which  are  there  in  clw 
contact  with  the  transition  chains.  These  transition  chains  eross, 
Hb  is  well  known,  from  Devon  to  the  peninsula  of  the  Catenlia 
in  Bi'ittauy  ;  and  we  find,  as  might  be  expected,  a  small  cuil- 
ficld  rtjiosing  agHinst  llieir  (-Bstcrn  side  at  Lltry  on  the  south- 
Wi-at  of  Bayeux  ;  farther  south,  where  the  I^ire  euters  belunn 
the  continuation  of  these  chains,  between  Augers  and  Ntnto, 
arc  more  extensive  deposits  of  this  formation. 

In  the  centre  and  tiouth  of  France  there  are  some  limited 
coal-deposits  lying  in  the  vallies  of  the  lioire,  the  Allier,  the 
Crouse,  and  the  Dordogne,  the  Aveyroii  and  the  Ardeche  he- 
twc«n  ridges  proceeding  from  the  piimitive  central  groap 
connected  with  the  Cevennes. 

'  Several  particulars  concerning  aome  of  these  dtitricti  mi^  be 
found  lu  the  account  of  the  geological  specalatioos  of  Mr. 
(touelle  in  the  first  vol.  of  the  Geogrsphie  Phyuqae,  forming 

Srt  of  the  great  Encjclopedie  Methodiqoe ;  the  Annaki  dn 
inei  for  1821  contalnt  aereral  particnlan  of  thoW  near  St 
Etienne,  department  of  the  Loire,  and  &  fall  aCconht  of  those 
if  the  Avejron. 

From  the  south  of  France  we  may  proceed  lo  Spahi,  mKA 
coold  not  M  conveniently  be  included  in  any  other  part  of  oar 
survey.  Coal  is  here  mentioned  as  occorring  iii  eight  places  la 
Catalonia,  in  thre^  in  A'l^on,  and  one  ia  New  Castile,  but 
no  particulars  are  given  :  a  list  of  these  localitiea  may  be  found 
■u  Laborde's  view  of  that  country. 

■  "We  now  return  to  the  condderatioD  of  the  great  carbooiferoos 
tract  of  Northern  France  and  the  Netherlands.* 

It  may  generally  be  described  t»  extending  westward*  front 

■  Some  Continanu!  Gca1<)gi(li>,  ftaenJiiing  withOMt  a  MiSci«ot  je^Mint- 
ance  wilh  the  panicular  circumituiceH  h>ve  endawronred  u>  ttfa  mme  of 
fhe  Euglitb  cail'ltcldi  to  a  proluagaiioa  vt  thii  line.;  bia  aa  the  wtwle 
ibtervening  breadth  of  En(;laod,  fran  Keat  to  Stnunet,  it  oecBpted  bj 
ittorc  receai  fbrinarioiiB  which  eSteiualty  conesal  tha  tma  namoctkiDi  o( 
ikii  tulMtrata,  and  as  there  ii  nothing  in  the  drcuaiMancec  of  any  pan  of 
Dlir  cihI  dittrictt  indiuun^  vx^  rcUcioD  wilb  the  above  beyond  llui  vhicfa 
alwayt  ciiMt  bK<.>Nc«ii  [lumauuuk  tA  <!-«,  uik  vtjc.  iW.-viea.  aanot  be 
maiuuincd. 
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Bafdingfaen  neftr  Boologne  (only  a  few  miles  from  the  coast  of 
the  channel)  by  Valenciennes,  and  thence  up  the  Scheldt  and 
down  the  Meose  to  fischweiler  bf^jbnd  Aix  la  Chapelte ;  and 
still  further  west,  munj  of  the  coal  districts  of  Northern  Ger- 
nany  may  with  great  probability  be  considered  as  a  prolongation 
of  it. 

On  the  east  and  north,  the  great  deposits  of  chalk  and  the 
strata  above  the  chalk,  skirt  and  partially  (particularly  within 
the  limits  of  France)  overlie  this  tract.  On  the  sooth  it  is 
bounded  by  the  transition  ridges  (of  slate,  grauwacke,  &c.) 
which  occupy  the  forest  of  Ardennes,  overhang  the  magnificent 
defile  of  the  Rhine  from  Bingen  to  Bonn,  and  thence  extend 
to  the  AVesterwald.  This  tract  does  not  consist  of  a  single 
continuous  coal-field,  hut  of  many  insulated  and  basin-shaped 
deposits  of  this  formation,  encircled  by  carboniferous  limestopie 
and  old  red  sandstone.  In  many  respects  it  bears^  even  down 
to  the  character  of  its  picturesque  scenery,  a  remarkable 
analogy  to  the  coal  districts  (likewise  consisting  of  many  insu- 
lated basins)  in  the  south-west  of  England. 

We  find  the  most  westerly  point  of  this  extended  chain  of 
coal-fields  at  Hardinghen,  in  the  great  denudation  exposing 
the  beds  beneath  the  chalk,  which  comprises  the  Boulonnais 
on  the  French  side  of  the  channel  and  the  Weald  of  Kent  and 
Sussex  on  the  English  ;  of  this  we  have  before  given  a  general 
description.  These  coal-mines,  and  the  quarries  of  the  car- 
boniferous limestone  associated  with  them,  which  appear  at 
Marquise,  are  situated  at  the  very  foot  of  the  escarpment  of 
the  environing  zone  of  chalk  hills ;  for  the  outcrop  of  all  the 
intermediate  formations  crosses  this  part  of  the  denudation  to 
the  south,  and  as  it  were  withdraws  to  expose  the  coal ;  pro- 
ceeding westwards,  the  coal  is  worked  at  several  places  within 
the  general  limits  of  the  overlying  chalk-formation.  The  envi- 
rons of  Aniche  near  Douay,  and  of  Moncliy  le  prenx  near  ArraS} 
present  deposits  of  this  nature ;  the  mines  surrounding  Valen- 
ciennes are  still  more  extensive. 

In  the  environs  of  Mons,  Charleroy,  and  Namur,  in  a  tract 
sunounding  Liege,  and  lastly  close  to  Elschweiler  on  the  east 
of  Aix  la  Chapelle,  other  very  considerable  coal-fields  are 
worked. 

A  general  account  of  this  line  of  coal-formation,  may  be 
found  in  Omalius  d'Halloy  <  Geologic  dn  Nord  de  la  France,' 
Journal  des  Mines,  and  in  Von  Raumer^s  ^  Gleognostich  Ver- 
suche' ;  many  interesting  details  are  also  given  in  Villefosse  sur 
la  richesse  minerale,  (tom.  2.  p.  432  8:  seq.)  and  illustrated  in 
the  magnificent  atlas  of  that  work  by  sections  exhibiting  the 
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cmitorlionn,  &c.  of  iht'  belts,  did  the  mode  «f  workio;  tk<ib     I 
fnnii  i'l.  25to«7.»  ^-' 

IVorcfdiof;  Mill  riirtt>''r  alnng  thr  northern  horder  p 
utme  t/MiiBiltun  rhitiii.  naainiit  wlijth  hU  thn*-  <)«(K>Mti 
rp)ii>H>,  we  find  lli«  more  recent  formalionti  (probahlv  «f  lh( 
liTtiary  clnss)  intruding  upon  it,  and  concealing  ihe  coal  tilt  w* 
crots  the  Kbtn«  iirar  Uonn.  On  the  right  bulk  of  that  riitr 
these  agaio  recede  to  the  north,  and  in  (lib  directioD  vrc  u;ii<t 
find  an  extenrive  coal-field  proceeding  along  the  small  tint 
Knbr  a  little  above  )t(  junction  with  the  Rhine  :  on  the  Math 
the  bed«  of  this  coal-lield  describe  Ihfi  tegnwnt  of  a  circle, 
rrojipiuji  out  against  alternatioiut  of  limestooe,  sliale,  and  wtiU 
i*  called  grauwBcke  (oor  old  red  Mandstone  probably ),  whicb 
separate  them  from  tilt  regular  IracMtioii  slate:  on  the  oortli 
ihvj  are  bounded  by  the  overlying  and  niore  recent  deponti. 
Ad  account  and  plans  of  this  district  ma/  be  fouod  iu  V'ilkfoMc, 
(ooi.  3.  page-  4t4.  k  plate  94. 

A  little  00  the  south  of  the  same  district  of  tran^itioo  rock), 
whose  northern  border  we  hiive  been  hitherto  pursmug,  timitrd 
Coal-fields  occur  in  the  country  bfLKeen  the  IVIoiclte  and  Rhine; 
1.  bf-iveen  Sarrebrock  and  Sarre  l^uis  on  the  riter  Sarre,  nnd 
(leoaBdl7)ne«rWaIdniobroatl>ehuks*f<heGlaiie,«stMdkif 
lo  ks  ctdliMaee  vith  the  Nahe :  tha  beds  of  the  formw  tftol  ficM 
Ire  deKribed  as  rangiDg  eoath-weat  Md  Bortb-ewt,  and  dippfaj 
north-wesl;  tbej  are  covrrcd  wiUi  red  mdatmic,  ani  also^p> 
Poutaded  bj  the  same  fonsation  bD  the  points  to  wIim^  imf 
Hie,  appeariag  therefore  to  rrpote  upon  it;  bat ^e» appNf- 
«Kiei  are  verj  vegoelj  desoibed ;  "«nr  eea  griaraagm  semUwit 
qielqnefcni  s^ppujer  lea  coochei  de  koniik  ;"  xhtj  are  proba- 
M7  deoeptive.  A  careful  esKninatkui  of  tbe  c^nntrj  bKweca 
this  coal-field  knd  the  wordiem  tnosiltoD  chaio^  ,k  mtnemuj  to 
ascertain  its  true  relatioiii.  ViMeftMoe,  tom.S.  p.  447.  k  PI.  V. 
may  be  cMisnltcd  on  -this  district. 

ForaidNg  tbe  line  ot  Nortben  GeraMUtf,  a  tract  oontaraiag 


•  TbeMriMof  beA>  bctwetn  the  cmV-mcuDrei  and  the  li 

•n  the  touth,  tx*cl\j  carrttpandt  with  ibou  occurrinf  in  EagUod.  Tin 
folluwiag  Git  i*  extncied  fjoin  OnuliiM  d'Htllo]',  with  thcE^&ih  tfon- 
Icaii  laimrd. 

CoaUiniB the  tame. 

Shakuidxrit-., ^....MilktaHpiia^Aak. 

Limnloiie  altetnttiac  wHb  •late-cUjr  ».£artio«itcnw  luMMob 

Itcd  and  vinigallfl  pita  allenuituig^ 

TS;S2£;^;:.v.v.;::::::f<«'«>"-«-- 

(Mt aadbrMci* ^..J 

Cliiy.ilaie Tisniition  flat» 

The  oTginic  Tctnaint  t.iA  VHtMHaSKfuva.  d*^bva  of  the  tioMWMK  aata^ 
JyioU  the  coal,  «*tci\^  ctnocite  «ttii  ftisne  tAlsi^ui^ 
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coftl  appean  to  range  manj  miles  on  the  woth^west  and  s<mth 
•f  Hauever  between  Omabrock  and  Hlldesheim,  but  we  can  net 
vtfer  to  any  description  of  it ;  it  may  probably  foras  the  pro* 
iMigation  of  the  northern  tine  of  coai-^lds  which  we  lately 
inced  as  far  as  the  Ruhr. 

On  the  north-east  and  south-east  of  the  Harti  mountainsi 
Bailenstadt  and  Nemstadt,  coai-measnres  repose  on  tho 

iskion  roclisof  that  group;  they  are  covered  by  porphjry 

iciated  with  the  rothe  todte  Gegende,  to  which  succeed  the 
copriferous  marle-slate^  itc*  corresponding  with  the  newer  red 
anndstone  and  magnesian  limestone  of  England*  Coal-measures 
occar  beneath  the  porphjfries  of  the  environs  of  Ilaiie  under 
ainiilar  circomstances.  An  account  of  these  districts  may  be 
Ibaod  in  Frebleben^s  ^  Kapler  schiefer  gebi<^[es." 

In  Saxony,  coaUmeasnres  are  found  in  many  places  skirting 
the  northern  base  of  the  Brsegebirge  monntains.  There  are 
extensive  ni'mes  at  Sdionleld  near  Zwickau,  and  at  Planenscbea 
^rund  near  Dresden.  At  Schonfeld  the  coal  alternates  with 
poiphyrjf,  above  which  occur  the  fallowing  beds.  I«  A  non^ 
glomerate  of  porphyry  and  gneiss.  3.  Bituminous  shale  with 
vegetable  impressions.  3.  Red  sand.  At  i^wickan  the  beds 
(beginning  with  the  lowest)  1.  Wacke.  ^  Basalt.  3*  Niueor 
tea  GoaUbeds  alternating  with  white  grit  and  shale  containing 
vegetable  impressions.  4.  Sandstone.  ^.  Red  grit.  The  coal- 
field of  Planenschen  grand  is  more  extensive  than  either  of  the 
former ;  here  a  range  of  sienite,  extending  on  the  rigbt  bank 
4^(  the  Weisseritz,  forms  the  fvndamental  rock  on  which  a 
secondary  porphyry  reposes;  then  succeed  four  beds  of  coal 
alternating  with  grit  and  shale,  and  inclined  at  an  angle  lof  6c5\ 

There  is  no  bitumen  in  the  jumX  of  Schonleld  ^  although 
It  abounds  at  Planenschen  grnnd^  .die -same  fossil  vegetation  is 
presented  in  all  these  mines.  (See  Sternberg  ^  Flora  zurVorwelt;*) 

We  are  not  able  to  refer  to  any  particular  account  of  the 
prolongation  of  the  coal-measures  on  the  northern  side  of  .the 
great  primitive  chain  which  traverses  central  Europe^  proceed- 
ing westwards  from  the  Erzegebirge  under  the  names  of  the 
JUeseugebirge  and  Carpathian  mountains.  Count  Sternberg^ 
however,  is  of  opinion  that  such  a  continuation  may  be  traced^ 
extending  through  Poland  into  Moldavia  and  Wallachta. 

On  the  south  of  fhe  Erzegebirije  and  iliesengebirge  .the  baaia 
•of  Boheniia,  extending  along  the  course  of  the  Beraon  and  Isei^ 
and  including  the  adjoining  parts  of  Upper  Silesia  .between 
I^andshutimd  Silberberg,  presents  a  very  extensive  coal-district. 

This  may  generally  be  described  as  lying  between  the  ^^reat 
primitsve  chain  above-mentioned  on  the  north,  and  the  j^reat 
district  of  primitive  slate  which  occupies  the  larger  •part  of 
Bohemia  jsoutb  of  the  Beraun  and  uppi^r  VAV)«t  ^VraXoBDLXX&iaAa^^^ 
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era  boandary,  near  the  point  where  the  Elbe  breaks  out  id 
the  Erzegebirge,  the  range  of  the  Mittlewalde,  coRM«tii| 
sammits  of  the  flcetz-trap  formation  resting  on  wood-coil 
lignite  (of  much  more  recent  origin),  is  interposed  between 
tnie  coal  and  the  primitive  chains :  trap  summits  are  likei 
scattered  over  this  edge  of  the  coal-field. 

On  the  south-west,  the  coal  of  Bohemia  appears  to  for 
number  of  small  detached  basins  scattered  along  the  line  of 
Beraun,  and  reposing  on  what  are  called  transition  rocks, 
which  maj  possibly  answer  to  our  own  carboniferous  limcH 
and  old  red  sandstone.     On  the  north-west  towards  Silesia, 
coal-district  becomes  more   continuous   and    extensive; 
here  covered  by  red  sandstone  associated  with  porphyry 
the  neighbourhood  of  Ilartz  and   Saxony :    we   have  b< 
assigned  our  reasons  for  believing  these  to  be  connected 
the  newer  red  sandstone  of  England.     (See  the  section  od 
foreign  localities  of  that  formation.) 

This  coal-district  of  Bohemia  and  Upper  Silesia  appea 
be  bounded  on  all  sides  by  primitivt^  and  transition  rocks 
those  we  have  already  monlionod  on  the  north  and  south 
the  Fichti'lf^ebirge  and  Bohemer  Wald  on  the  west,  and  o\ 
east  by  the  chains  which  extend  from  (rlatz  round  tlio  hoail  c 
Adler  to  join  the  primitive  slate  district  of  Southern  Boher 

More  than  forty  beds  of  coal  are  supposed  to  be  workc 
the  Bohemian  district. 

The  geological  Map  and  Sections  of  Bohemia  by  R 
(Vienna  1819),  and  the  '  Flora  Zur  Vorweit'  by  Count  Si 
berg,  afford  much  information  concernhi£r  the  Bohemian  pa 
this  coal  district ;  and  the  IVIap  and  description  of  Von  Kai 
add  the  particulars  of  its  extension  into  Upper  Silesia. 

The  coal-strata  and  grit  of  this  district  appear  to  a^ree  cl( 
with  those  of  ICngland,  and  the  vegetable  impressions  pre^ 
iu  them  to  be  generally  of  the  same  genera  and  species. 

Coal  is  said  to  occur  on  the  north  of  (Constantinople. 

In  Russia  there  are  said  to  be  indications  of  coal  in  se 
provinces,  but  the  notices  are  too  vague  and  uncertain  1 
relied  upon. 

In  Asia  coal  occurs  extensively,  and  has  loni;  been  wo 
in  China. 

America  is  known  to  afford  very  extensive  coal-fields  oi 
west  of  the  Alleghany  chain  towards  the  plains  of  the  Missit 

In  the  Australasian  Archipelago,  coal  occurs  very  plenti 
associated  with  sandstone  in  Van  Dienian's  Lund. 

V.^\>    OV    VMIT    I, 
Phillipa.  PrlMtri  l.oivdun. 
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DESCRIPTIOK  OF  THE  ANNEXED  PLATE, 

cbicdj  of 

Crtohgkai  and  Minefahgicai  Imiruments  and  Jpparaiuij 

Taken  from  the  Catalogue  of  the  Manufacturers, 

S.  tSt  G.  KNIGHT^  F;ttr  Lmmty  Lmdom. 

I  &8.— Geological  Hammers  of  tlie  form  recommended  by  Dr.  MacCullocb, 
at  the  belt  adapted  for  detacluii|g;  tpccimens  frcmi  the  obtusely  ang;ttlar 
turfacet  of  rocla.  These  Tary  in  siae  fiom  8  to  5 lb.  5s  to.lOs  each. 
3. — Resembles  a  Beer's  Pick,  and  is  useful  for  detaching  a  fbsdl  or  other 
object  by  remoring  the  mrronndin^  matrix.  In  order  to  render  die 
hammer  more  portable,  the  handle  is  made  detachable  from  the  head 
without  difficulty. 
4. — b  a  hammer  for  breaking  minerals ;  one  face  is  square  and  the  other 

sharp  or  chissel-shaped,  and  usually  weighs  from  12  to  SO  ounces. 
5  &  6.-  Trimming  Hammers  of  forms  best  adapted  for  reduang  specimens 
of  minerals  and  rocks  to  suitable  forms  and  dimensions  for  tho  cabinet. 
7. — A  small  square-headed  Hammer,  with  a  steel  chisi>el<«haped  handle 
in  length  8  inches,  is  particularly  adapt e(\  for  the  pocket,  and  may  be 
had  With  a  leather  case.    It  also  forms  a  part  of  the  Poruble  ^iuera- 
logical  Chest  for  travellers.    4s  to  7s. 
8. — A  Mineraloncal  Anvil,  an  instrument  particularly  well  adapted  for 
facilitating  the  reduction  of  large  or  ill-formed  specimens  to  a  more 
desirable  shape  for  the  cabinet*    It  is  of  iron,  and  weighs  about  9  lb. 
Price  59. 
9. — An  improved  Clinometer  for  determining  with  greater  facility  the 
direction,  inclination  and  dimensions  of  strata.     15s  to  tiOs. 

10. — The  Goniometer  improved  by  Mr.  Pcpy*.  Is  perhaps  the  beftt  pocket 
instrument  of  the  kind  in  use.-  It  consists  of  two  pair  of  forceps  de- 
tached from  the  scale,  which  greatly  facilitate  their  application.     ^5s. 

II. — A  Steel  Mortar  upon  an  improved  principle,  for  tiie  reduction  of 
gems  and  other  hard  substances  lor  analysis.     14s. 

12.--Iron  Mortars  with  iron  or  steel  Pestels,  from  a  quarter  of  a  pint  to> 
I  ffallon.    4s  to  40ii  each. 

13«—Ciarke*s  Condensing  Blow-pipe,  for  reducing  refractory  substances^  by 
means  of  the  mixed  gasses.    JtS  1 3s  6d  to  J  4  4s. 

14.— An  Hydraulic  Blow-pipe,  which  enables  the  operator  to>keep-up  the 
blast  without. the  constant  application  of  the  lungs.    £\  is  to  ,£2.^.. 

'l  5.—  An  improved  Blow-pipe  of  the  ordinary  form,  with  a  varietvoCJets.  8s, 

16.— Pepys'  Improved  Gas  Holder.  Ilie  great  facility  with  which  all  the 
various  experiments  on  Oxygen  and  Hydrogen  Gas  are  perSurmedby 
means  of  tnis  apparatus,  renders  it  a  most  valuable  acquisition  to  the 
Laboratory  and  Lecture-room :  ■  the  subsequent  addition  of  the  long- 
necked  funnel  makes  it  also  an  excelleiit  Hydraulic.  Blow-pipe. 
^  lS8  6dtoig>S  I3s6d. 

17. — Knight's  Universal  Table  Furnace.  Is  composed  ofi  stnong  sheet  iron 
and  lined  with  iire  lute:  ita  capacity  5  inches  in- diameter. and.  1*2 
inches  deep.  Is  adapted  'for'  performing  the  vatious  .operatiiiuA  (.>f 
smelting  metals  in  the  crucible,  sublimin^i  distilUticn-  eithci  by  the 
naked  fire  or  sand  bath«  digestion,  eTa|)oration,  decomposition  of 
water,  the  oxidation  of  metals,  the  assay  of  ^Id  and  siWer  by  qilar« 
tation  and  ciipellatinD,  and  all  other  operations. upon  scsmnllcr  scale 
than  can  be  efltected  by  the  means  of  charcoal.    MS  15fr6d  to  X6  6s. 

18. — Knight's  Improved  Black's  Poruble  Furnace.  This.&inmcc  is  adapted 
for  performing  all  the  before  mentioned  operations,  and  being  of 
much  lar^  dimensions,  and  altogether  more  suhstantiat,  U  valcfilated 
for  excfttng  nn  intcnue  beat,  and  fherrfore  h^•^^rl  Rd;tptcd  for  *lie 
reduction  of  metallic  Oft%\  i^t.  *  /•♦>  6*s  to  Jt'l  1*. 


19.— Aik^nS  Pdrtabic  Biaii  Fimacf ,  for  raitiogf  a  tumbn  wd 
by  dividiiig  a  icroiig  bbttlaT  «»f  from  a  doable  bdlowi  aad- 
fbfciblj  thrmigba  nymlMrvf  anallholf^io  clMbouoaiof  I 

fia—£vaporatiiiffBasii»  of  WcdfewoodV  ware  glased  iMidt.  0dl»*l 
SI — Cruciblet  ol  Iron,  Silvw,  aad  PUciiuu   lOi  to  ^f  cmch. 

98.-*£Taporatiiig  Batint  of  SilTtr  and  Fhtiua.    lOi  to  £S  co 

SS -^Hekian  Crttdblat  in  aaiCft,  variotta.    edtoSt.*;  .    •^^J^I 

SC^^ttclo-thapad  Cmcibka.    ad.loft. 

SS,.-Oydiimg  POm  or  CimbiM  wludi  divide  in  tlM  nidd^ 

lion,&c.    MloSk  >^  ^ 

<ft,-*Mufllct fljc aatyiagaad roaniiH MwiMlHc Ora^ dw,    iaioj^ 
97.— EoanwIiDr  ftei.    9d  to  8i.        .     .  , 
88.— Two  Neck'd  Olaa  Vciacif  fbr  Hydrtgni  Oai,  witb  aloppgr  aill 

cube  grouiid  in.    7t  to  lOk 
S9l— Obit  and  Poralain  Funiida* 
901— Test  OlaMet  of  Tariotta  sImi.    la  |o  %, 
31.-  Tbe  tame,  whb  lUiride  boctoB  te  pNcipitating. 
38.— A  imall  neck'd  Bottle  witb  gnNoid  aloppcr  made  thin  far  the  bwi 
of  taking  specific  «i|idea.    fla.  -^*-if 

93.— Peiiyt'  Bottle  witb  ipiivl  tnbe,  iov  cakiof  tbe  aend  aaa|if|^«r  < 

careout  earth.    5a  to.7)k  .  . :     ' 

34y— Bent  loop4ieek'd  tanci  for  filUng  gUia  retorta  widMiiK  adpv  4 

necka.    3a  to  5i.  -     >^ 

SA.— DaiT^iOlasaApparatfliloriheanalTHaofMoils.   ^1  ItaMtoJI 
S&— Bell  Olaia  with  cork  and  ilidinf  wire  cup  ib>  shewing  the  coa^bil 

of  substances  in  oxygen.    7s  to  10s. 
37. — Mercurial  Pneumatic  trougjli,  with  a  graduated  air  jar  and  giaai  ba 
38.— A  Digestioff  Flask  witb  capital  and  cuuical  stopper.    5s  to  Ida. 
39.— A  Chemical  Argand's  Lamp.    lOi  6d  to  15s. 
40.— Howard*!  Portable  Rain  Oiiagt»   with  graduated  Olaaa   Maaa 

£\  Isto^l  5k. 
41. — ^A  Glass  Stopper'd  Retort.    8s  to  10s. 
4tt. — Glass  Receiver  for  ditto. 

43 A  Glass  Filtering  Funnel.     Is  to  Ss. 

44.— ^last  Precipitating  Jar.    Is  6d  to  4s. 
45. — Glass  Spirit  Lamps.    5s  to  7s  6d. 
46..^Uss  Evaporating  Dishes,    dd  to  3s. 

47..LGuyton's  Lamp  Apparatus,  the  stand  coaddf^g  of  a  brMf  ro 

pillar  with  foot  of  the  same,  and  three  rings  mSww  thereon  uf  diffia 

apertures,  with  an  Argand's  Founuin  Lamp.    £%  Sa  to  Jt^  iSt  a 

48.^Welter's  Glass  Tube  of  Safety. 

49.— Fepys*  Apparatus  for  drying  Precipitates  at  tbe  uniform  tcmperai 

of  boiling  water.    7s  6d  to  19s. 
5a—  A  Glass  Eudiometer  conuintag  a  cubic  inch  divided  into  1 00  parta. 
51. —  Hope's  Eudiometer  for  the  analysis  of  Atmospheric  air,  divioec 

ike  maoner.    8s. 
59.— Davy's  Pocket  ditto  for  tbe  same  purpose.    10s  6d. 
53.— Pepys*  ditto  ditto.    10s  6d. 

54.— An  Eudiometer  for  shewing  tbe  formation  of  Wat^r  by  the  combna 
of  Oxygen  and  Hydrogen  gaa  by  the  Electric  spark.     lOs  6d  to  14 
55.— Davy  s  improved  ditto  attached  to  a  stand  with  spiral  spring.  .Jt\ 
56. — A  small  Glass  Funnel  with  long  neck  for  exhibiting  the  cumbus) 

of  Photphurus  under  water. 
57. — A  Magnetic  Needle  and  Centre.    3  s  to  59. 

Note.-T'ln.  addition  to  the  above,  a  variety  of  Pocket  and  Portable  C 
of  Instruments,  with  appropriate  tests,  for  the  analysis  of  Minerals  by 
Blow-pipe,  as  described  by  Professor  Qeraelius  in  his  treatise  recei 
p^ldisned  on  that  subject,  and  since  translated  by  Mr.  Children..  V\ 
^lUtoiPlQlOs. 
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Speedily  will  be  publishedy 

Of  the  same  size  with  the  *  Oittlinet  of  the  Geology  of  £ng1aud  and  WJct, 
by  the  Rev.  W.  D.  Cunybtare  ana  W.  Phillips/ 

AN  INTRODUCTION  TO  THE  STUDV  OF 


ORGANIC  REMAINS. 


AMD 


ESPECIALLY  OF  THOSB  FOUND  III  TUB 

BRITISH  STRATA, 

In  a  Compnation  of  mdt  iiilormation,  chieflv  in  Tabular  fonnt,  at  may  aid 
the  Student  in  hit  enquiries  respectinj;  the  natiiie  of  Fotsilt  and  tikeir 
connection  with  the  formation  of  the  Earthy 

'        BV  JAMES  PARKINSON. 


f?f  ike  fame  Author^ 

ORGANIC  REMAINS  OF  FORMER  WORLDS, 


M'lTH    ir.M'SfMATIVF.    FLATF.^, 

In  Three  Vohunet  Quarto. 


Sold  hi)  tV.  Phillip',  George  Yard,  Lombard  Sfrtef. 
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Veil.  l,;£3l2»Sd.— Vul  *,  Xa  I6l— Vol.3,23  ISied.—Vol.  4,  £4  li^ 
Vol.5,  Put  I,  dl3  lOt.     pjni,  ^3  lOi. 

A  TREATISE  on   a  SECTION  of  the   STRATA  froa  I 
NEWCASTLE-nPON-TYNE   ro  ihi   MouDliin  ■of  CROSS   FELL,  a  J 
Cumbtrland,  with  remKrlu  on  Miaeral  Veint  id  gcnpral       AUoTablool 
the  6traU  in  Torluhire,  UcihyiUin,  &c.    To  wbich  i<  added  a  Troiiw  ui 
the  DitcovetY,  (he  Opcoiiig,  and  ihe  Wurkintr  of  Lead  Mine*,  »i(b  ibi 
Drilling  and  Smelling  uf  iJead  Ort>.     Secund  Ediliun,  grr3.t^y  enlirgoL   I 
Bj  Weiigartli  Forttrr.     iHi.   Imge  P.iper  i  I  cii. 

A  NATURAL  HISTORY  of  the  CRINOIDEA  orUl\. 

SHAPED  ANIMALS;  wiihObienriiioDi  on  the  Geners  Ajleria.  Curr.)*. 
Cotmiiuli,  and  Manupilet,  itiimraied  irilh  Jufly  Coloured  PUtei.'  Br 
).  8.  Miiler,  A.L.S.  4ta.  £S  Ifc  6d. 

GEOLOGICAL  and  MINING  REPORT  on  the  LKIX- 

STER  COAL  DISTRICT.  By  Richard  Griffith,  Jun.  Eiq.  Inspector 
Llciieral  of  His  Majeily'i  Royil  Minn  in  Ireland,  Mining  Ejivioeut  lo  ik 
Uuhhn  Society,  b'.R.S.  £d.  &c.  &c.  &..  Sto.  ISt. 

GEOLOGICAL  and  MINING  SURVEY  of  the  CON- 
NAUGHT  COAL  DISTRICT  in  Ireland.  By  Kichard  GrilTiih,  Jun.  inj. 
luiiiector  General  of  Hii  Majeity'b  Roval  Mitiei  in  Ireland,  Mining  Eop- 
DL'er  to  llie  Dublin  Society,  F.R.S.  £d.  &c.  lie.  &c.  Sto.  1V>. 

0.1  Ihe  MAMMOTH  or  FOSSIL  ELEPHANT,  foan'd  in 
the  Ice  at  the  Moulh  of  rlie  Rivet  Lena  in  Siberia;  with  a  LitliojFraphii 
Fliite  uf  llic  Skeleton.    S>  Gd  Hitched. 


Jn  the  Presn. 
■he   ELEMENTS  €>r  CRYSTAI.!,OGRAPHY   rrndctrd 

liar  to  the  .STUDENT  nho  ia  unwquainied  with  the  Malhcnuiioi 
an  .^ppendit,  cimtiimiLig'  the  method)  uf  cilculBtine  mat  hematic  ill  j 
aws  ef  Decremcntt,  and  Riilei  fur  drawini;  aceuratetf  the  Figum  iif 

.lab.     By  Henry  Jamci  Brooke,  F.R.S.-M.U.S.&c. 


Ahotit  Ihe  end  of  the  pteicnt  year  ( l«3S)  will  be  publithed, 

J  ycte  imd  sreallj/  improved  Eililion,  in  one  Volume  small  Btw 

of 

AN  INTRODUCTION  TO  MINERALOGY,  &c. 

By  Williittn  Phillipi,  F.L.S.  M.G.S.  Sic. 
Thii  EJivion  -will  I'f  ilUv'ti'tfd  hy  a  rMnv-if  rablc  inimb-r  nf  Wood  Coll 
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